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PREFACE TO LARGER EDITION 
OF 1903 

T he subject of Liquid Fuel is one that has now been before 
the public about twonty-tivo years, but little had been 
done in this country until about twelve years ago, when Mr. 
Holden, of the Great Eastern Railway, began to use the tar 
of his oil-gas process, and found many advantages in using 
this hitherto almost unsaleable product. The success of this 
tar led him on to the use of creosote and other hydrocarbon 
by-products, and now he is using Texas oil. 

In this book the Author has endeavoured to put together 
what has been done in the buniing of liquid fuel, and at the 
risk of repetition has given descriptions of various systems and 
apparatus ; and while no statements have been accepted 
unconsidercd, he has not hesitated to use descriptions and 
statements of manufacturers in some cases with little altera- 
tion where such statements were sound and reasonable. The 
Author is not only indebted to the many whose names appear 
in the text, but also to many others who have furnished him 
with information, particularly Professor W. B. Phillips, Ph.D., 
of the University of Texas, from whoso bulletins the Author 
has dftiwn so copiously for infonnation on Texas oil ; to Mr. 
Thomffi U^quhart, of Dalny, who, as Locomotive Superin- 
tendeiy) of the Grazi and Tsaritsin Railway, first placed liquid 
fuel buming\ii a sound basis in locomotive work, and whose 
papers on the subject may be found in the Proceedings of 
the Institution of Mechanical Engineers ; to his friend Mr. 
B. H. Thwaite, whose researches in combustion have been so 
extensive. 

The work of the United States Naval Department, under 
Rear-Admiral Melville, has been so valuable that special 
appendices have been devoted to a copious abstract of the 
coal and oil tests made by the Bureau of Steam Engineering 
upon a water-tube boiler as well as tests upon the s.s. Mariposa 
The Author has also drawn liberally upon the bulletins of 
the UB. Geological Survey for information on petroleum 
production. 

IS 
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To Mr. Alfred J. Allen acknowledgment is due for informa- 
tion on tar and creosote, and for tabular matter to Mr. PotK' 
whose excellent treatise on the Calorific Power of Fuels deaja 
so exhaustively with coal. • 

Appendices are added giving the Rules of the National 
Board of Fire Underwriters (U.S.), and also the Rules of 
Lloyd’s Register of Shipping. 

Acknowledgments are duo to the Electrical Review (Londbn) 
for permission to reproduce portions of the Author’s articles 
in that Journal on questions of combustion. To Mons. L. 
Bertin, of the French Navy, the Author is indebted for.irtfoi;- 
mation as to the use of liquid fuel in the French Military Marine. 

The means for utilizing Liquid Fuel are very varied, yet 
all practically result in, or at least aim at, one end. It has 
been impossible within two covers to do more than select a 
number of such apparatus to illustrate the principles which 
have been followed in achieving success. The successful com- 
bustion of liquid hydrocarbon is but an extension of the pyn- 
ciples necessary for bituminous or hydrocarbon coal. The 
dilferenco is that coal is burned partly upon the grate, and air, 
to burn the hydrocarbon distillates, cannot well be introduced 
from below, as it can with licpiid fuel which is burned in a 
floating condition, and can be fed with air from below vejy 
easily. 

The difference is but one of degree, but with liquid fuel the 
fact that all the fuel is floating, and would produce a specially 
foul black smoke under the conditions in wdiich coal is burned, 
has compelled the adoption of means that ought to bo adopted 
with coal-fired furnaces. 

The Author has endeavoured to connect the two prujtices, 
for in the present state of liquid fuel supply it is: mc?e than 
probable that its use will bo parallel with the use of coal, 
especially in dealing with the sudden and high Coad peaks of 
electric stations. IJquid fuel cannot be universal unless the 
supply increases to many times what it is at present, and 
this points to a good future for the mixed system of fiWng, 
oil and coal being burned together in the same furnace. 

It has been difficult to make a selection of apparatus to be 
described, but the Author trusts that ho has selected a suffi- 
cient number of types practically to, cover the ground and 
show the g^eral trend of practice \^’itnout unduly multiplying 
examples. Indeed the tendency seems to him to be in the 
, direction of one general type. As regards special boilers, oil 
does not appear to require anything more than 'what is re- 
quired by coal, though coal is not Treated to the necessary 
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appliances, and oil is so treated, and gains success where coal 
hy^owed to fail. 

^Much that perhaps ought to appear in suah a book as this 
has-been omitted, as it appears to the Author that the question 
of draught, for example, is not of the same import anoe with 
liquid fuel as it is with solid fuels. 

More might be said on the subject of ilue-gas proportion, but 
thiif again has been so fully trt*ated by other writers that it 
did not seem desirable at present to deal with it more fully. 
The most important detail of liquid fuel apparatus is the fur- 
i^ac«> ^nd the provision of air, and of means to securx> combus- 
tion Ind conserve tenqxn-ature to enalile combustion to be 
made perfect. 

Mr. Horace Allen kindly revised tlie section on gas amilysis. 
Students of liquid fuel combustion will find enormous masses 
of information in the past volumes of tin* Engmeer, Engineer- 
ing, and other technical papers. Mu(*h of this information 
is duplicated and historical, and the Author has found it 
necessary to elimmato almost all such matt(*r and confine his 
space to systems now' living or of recent use, or of a form recog- 
nized as useful to-day. Undoubtedly Aydon and the late 
Admiral Sehvyn did much to urge the use of liquid fuel, but 
th^ latter injured the value of his best work by regarding 
steam as a combustible. 

The Author is also indebted to ^lessrs. Colonner and Lordier, 
the French engineers, for excelkmt information on liquid 
fuel, and indirectly no doubt to many others who are not 
directly traceable. 

Finally, his grateful acknowledgments arc due to his Pub- 
lishers^or the manner in which they have facilitated his labours 
througkout^ 


WlSTMIJIBTEB, 




PREFACE 


T he object of this book is to present in a handy form the 
more immediate practical points of the Author's larger 
work on the same subject.^ 

*In tliat book the Autlior endeavoured to present not merely 
the subject of liquid fuel combustion but such side issues as 
, water softening, and considerably more on the general theory 
of combustion and the physical properties of materials than 
can be found room for in this present work. 

The larger work is still available for those who may desire 
the fuller presentation of the subject, but it was written at a 
tim? when the popular idea of liquid fuel was very hazy, and 
when the world’s production of petroleum was very much loss 
than it is to-day. The ideas then presented by the Author 
►have since received very general acceptance. Over parts of 
thetiv’orld liquid fuel will continue to take the place of coal. 
In other parts it will be used because by its means things may 
be accomplished that would not be possible with coal. This 
was amply demonstrated during the naval manosuvres a year 
or two ago, when the stokehold crew of one of the rival fleet 
divisions were worn out and unfit for further effort. Liquid 
fuel was then resorted to and the ships simply ran away from 
the “ eiemy ” and ravaged the south coast. 

Much^f ^hat appears in the larger work is eliminated 
because of the foregoing reasons as well as the fact that the 
subject of liquid fuel is now quite removed from controversy 
and has entered more fully upon the commercial stage, for 
liquid fuel will now be used wherever it is cheaper than coal 
or possesses circumstantial advantages which outweigh expense. 
For the peak loads of electric light supply undertakings liquid 
fuel presents itself so favourably that only surprise can be felt 
that this particular field has so far been neglected. 

This book will therefore be fairly closely confingd to the 
use of liquid fuel in steam rai|ing and in direct power produc- 
tion in the internal combustion engine. This engine has in 
the last few years made great advances and bids fair 6(9on to 

* Li^id Fuel and Its Combustion, Coiutable A Co,, 1902. 
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find itself employed as the motive power producer in ships of 
great size and tonnage. 

While bringing.up to dale the examples of apparatus these 
have been reduced in number. Tabular matter has beeft 
abridged in numbers and detail and much experimental record 
has had to be cut out in order to bring the book within its 
intended compass. 

Finally it may be added that since the issue of the Author’s 
larger book, there has been little change in the methods or 
apparatus employed, though there is a steady extension, 
chiefly abroad, in the uses to which liquid fuel has been put. 

The Author trusts he has given siiflicient examples d! 
apparatus to enable any engineer to adapt liquid fuel to his 
own conditions, lie wishes to make it clear that the examples 
and illustrations are chosen as examples and are not put 
forward as being other than typical. It is not possible to 
make a book into a complete catalogue of apparatus, and 
only a few can be selected as types. 

Wm. H. BOOTIf. 

38, Broad Street Avenue, E.C. 

Oct, 1911. 


There is still a big field for the use of systems of mixed 
solid and liquid fuel, as carried out notably with the Gregory 
burner described in Chapter XVIII. (June, 1021.) 



Part I 

THEORY AND PRINCIPLES 




INTRODUCTION 

T '^HE first really practical and efficient employment of 
I li(iuid fuel for steam-raising purposes appears to be 
due to Mr. Thomas Urquhart, of the Grazi and Tsaritzin Rail- 
way of Russia. Mr. Urquhart- used the spraying system and 
obtained good results, and his pajw'r of 1884 * marks the 
beginning of the period of really useful work. 

The application of liquid fuel in the (-aucaaus owes its success 
to a combination of causes. Russian petroleum has less light 
oil in its composition, and therefore produces more ostatki, 
i.e. mazut or residuum ; coal is dear in the district, and the 
man was present in Mr. Urquhart to render the application of 
liquid fuel successful, previous applications not having proved 

V- 

Urquhait placed the use of liquid fuel on a sound basis. 

The Chicago Exhibition in the early nineties gave great 
impetus to the use of liquid fuel in America, for all the boilers 
there were arranged with oil fuel only. 

In Great Britain the use of liquid fuel has not been extensive, 
but it has been marked by good practice, and only bids fair 
to become extensive since the introduction of mineral oil. 
Prevfously the tendency had been to use the products of distil- 
latioif of (t)al or oil in the shape of tars or creosotes. 

To-day liquid fuel is well established and recognized as a fuel 
of ex&eme elasticity, and one that can be burned smokelessly. 
The days of experiment are past, and no serious difficulties 
remain to be overcome. Since 1902 liquid fuel has been 
adopted in the British Navy, and it is understood that very 
satisfactory results have been secured. , 

At the same time the question must be considered from a 
conservatfve standpoint, b^ause for years to come, if ever, the 
output of petroleum w411 not be sufficient to mafap it a serious 
rival of coal in every use. • There is no certainty of extensive 
petroleum production in the future. Petroleum wells do not 
endure indefinitely. They are not like water wells, ted from 

* Institution of Mechanical Engineers, Minutes of Proceedings, 1884. 

n • • 
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surface rainfall, and geology does not assure us that they are 
being fed from still deeper sources, nor is it decided whetHbf 
petroleum is of nfineral or of organic origin. The future of> 
petroleum is thus uncertain. * 

General Considerations 

A general idea of the liquid fuel problem should therefore 
be obtained before attempting to gauge its merits. * 

There is a lack of the sense of proportion in many who 
discuss the question of liquid fuel. 

In Great Britain alone over 250 million tons of coa^ 'arer 
raised each year. In the United States the amount is still 
greater. The present production of mineral oil is a mere 
fraction of the millions of tons of coal produced in the world. 

Liquid fuel has undoubted advantages in many cases, and 
probably nowhere could it be used to better advantage than 
in an electric light station. 

One of the principal advantages of oil is its high calorific 
value per pound. This, with the best oils, is double the 
capacity of the inferior coals, and 30 per cent, bedter than the 
best coal. The case with which it can be stored and moved 
from point to point is an advantage. It can be fired mechani- 
cally, makes no ash or clinker, can be burned at maximum raCe 
or entirely turned off in a moment. Further, a very large 
power of boilers requires very little labour in the stokehold. 
Petroleum consists of a very large variety of constituents, 
gaseous, liquid, or solid. The gas is marsh gas, CH^, and at 
once disappears ; the lighter liquids are very volatile, and 
finally there are solid bodies at the end of a long series of 
liquids of varying degrws of volatility and specific gravity. 

The chemical formuhe which cover most of the constiViients 
of petroleum are CnHan and These formulae con- 

tinue throughout the whole range from marsh gas,' CH^, 
onwards. 

Texas oil is used chiefly as it is found. 

Russian oil is used in the form of astatki, the residuum after 
distiUing off the lighting and lubricating oils. Much of the 
American oil is also used in the fonn of residuum. 

The proportion of carbon in all the liquids used a^xuel varies 
very little tom 84 per cent., the hydrogen amounting to 16 
per cent. There is little else, so that petroleum is practically 
all combustible. 

It is well established that there is at present onjy one way 
Ui bum liquid fuel for steam raising, and that is by atomizing 
the fuel in company with % sufficient amount of air around 
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each atom. In order that oil may atomize freely, it should be 
deprived of viscidity by heat. Heat also causes any water 
in the oil more easily to separate out, first, because heated oil, 
being more limpid offers less resistance to the freeing of the 
water ; and secondly, there is greater expansion of oil ihan of 
water due to the heat, and the water gains a relatively greater 
specific gravity. 

Warming is done by a steam coil, and may be merely local 
warming in the vicinity of the take-off valve in the tank. It 
is essential that water be fairly well .separated, because if it 
coiWBs through the burners in any (|uantity it may extinguish 
the fires, and the next following oil is apt to ignite explosively. 

In storing oil there is always ajit to be some vapour given off, 
and an empty tank ought not to be entered with a light. 

Though not nominally of double the calorific capacity of 
average fair coal, oil is found in practice to he worth double the 
price of coal, owing to the labour cost which it saves. 

This is as regards marine service, for the oilcan be carricKl in 
ballast tanks, and paying cargo is carried in the coal bunker 
space. 

For land purpo.ses, these latter considerations do not weigh, 

> and the relative values must be based on the performance 
raflo of about 10 to 10, together with the economy of labour, 
cleaning, ash cartage, etc. 

Above and beyond all these things, however, is the power 
which liquid fuel gives of immensely increasing the steam- 
production of a boiler at short notice. 

In general practice a steam-boiler is designed with a given 
ratio of heating surface per unit of fuel burned. Any reduction 
of this! ratio is accompanied by a poorer performance. Less 
steam m produced per pound of oil consumed. A reduction of 
the heating surface ratio does not, however, i(ducc the per- 
formanie by •anything like the same ratio. 

If a large demand for steam is made upon a boiler for a short 
fraction of its working hours, it may be cheaper to consume 
fuel at a high rate for a fraction of the time than to employ 
two or even three boilers at normal rates during a fraction of 
the day, the extra boilers remaining idle during the*rest of the 
day ; albeit* when the heavy load is past these extra boilers 
are retired hot and fuH of energy. The saving the first 
method is very considerable in respect of space occupied, build- 
ings and capital cost generally, and if not carried too far it 
will outweigh the fuel cost of the short run at heavy Output. 

For this system of working, coal can, of course, be employed. 
Coal, however, cannot be fired at abnormal rates with special 
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ease. A meohanioal stoker does not readily increase ita rate 
of working. The better forms of stoker — on the coking prin- 
ciple — cannot pvrt their whole grate surface into the new and 
forced condition. The sprinkler class, again, do not Vork 
well ^ abnormal rates. Coal combustion is on'y to bo regu- 
lated by draught intensity. With oil, the supply is instantly 
variable to suit the steam required, and a boUcr can rapidly 
give its fullest output. With boilers of the smaller tube type 
especially, their small water contents enables the engineer to 
leave them standing cold to within a short time of maximum 
output. Oil is then turned on, and in a few minutes th^ boiler 
is in full work. When a boiler is already at work the mere 
turn of a handle puts it into its maximum steam-producing 
condition. * 

So soon as the demand ceases the oil can be turned off, and 
the nonnal coal fire continued, or the boiler laid off entirely. 
By means of liquid fuel great elasticity is possible. 

In a lighting station the load factor is very usually about 12 
per cent. That is to say, about one-eighth of the plant is, on 
the average, at work all the working hours. 

This excessive misproportioii is remedied to any desired extent 
by means of accumulators, but it is not yet commercjally 
economical to instal so high a proportion of battery power as 
to enable the power-plant to run at steady load all day. The 
peak of the load, however short in duration, cannot be sur- 
mounted without the aid of power, and it is to the height and 
small duration of the maximum load curve that the poor load 
factor of a lighting station is due. Accumulators for heavy 
output of short duration greatly improve the load factor, but, 
in any case, the number of boilers at work to tide over tfee peak 
is several times the mean number. 

If, by means of liquid fuel, boilers can bo heavily pushed 
for two, three, or four hours, the capital outlay *on befilers will 
be much reduced. When the various points are taken into 
account, the boiler scheme that will probably suggest itself * 
will bo, first, some boilers of the Lancashire type, economical 
and steady steamers ; secondly, large tube boilers with a 
moderate ‘water contents and large grate area, and with efficient 
steam driers or superlieaters. These boilers ctSh be heavily 
forced wi^h some sacrifice of economy, but the priming due to 
heavy forcing must be eliminatedpby a good superheater. This 
is essential to economy. Thirdly, small tube boilers of very 
small iFaier capticity, capable of being heavily for^d, delivering 
4§ieir steam preferably above water level in the steam drum. 
P all these boilers are fitted with oil sprayers, the m ax imum 
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demand for steam will be met with the minimum of capital 
ouMay. 

• It is a fallacy to suppose that boilers of small water capacity 
resjfbnd most readily to a sudden demand for steam. 

When a boiler is at work under full pressure, the whole of its 
water is at a temperature which corresponds with the pressure. 
Any addition to the furnace activity cannot add to the heat 
contents of the boiler, unless the pressure is allowed to rise ; 
obviously, therefrom, given the continuance of the same prt^s- 
sure, the boilers of largo water contents will answer to an urged 
fire^Upt as rapidly os a boiler of small water contents. When 
boilers are standing at rest, however, and cold, the boiler which 
contains the least water will, ceteris paribus, become most 
quickly hot. Such a boiler as the Solignac, which holds almost 
no water, can be made, by aid of oil fuel, to produce its maxi- 
mum power in a few minutes after lighting up. 

In this respect oil has a decided advantage over solid fuel. 
Tcw secure a good fire with solid fuel there must be a thick bed 
of incandescent fuel on the grate, and this can only be built 
up with comparative slowness, and when its duty is over it 
remains a more or less wasted force. With oil, however, the 
maximum fire is instantaneous, and the only drawback is the 
cold brickwork of the setting, which must become hot before 
the maximum furnace duty is attained. 

For ordinary economical work the number of heat units that 
a boiler can absorb per square foot of heating surface will not 
be changed when liquid fuel is employed, except so far as liquid 
fuel can be burned without smoke more easily than can solid 
hydrocarbons, such as coal, and thereby the heating surface 
is maintained clean and free from dust and soot, and more 
efficiefft. Evaporative efficiency must not be allowed to out- 
weigh the overall, or commercial, efficiency. Exactly what 
govenifi the' relation between evaporative and commercial 
efficiency cannot bo stated positively. Indeed, commercial 
efficiency alone should be considered as the true basis of design. 
It may, however, be stated in general terms that plant which 
is on duty for long hours may be designed to work more economi- 
cahy as regards fuel than plant intended to work* very short 
hours. ^ 

Let it be assumed that the boilers which are eqpnomical of 
fuel have an efficiency of 1% per cent., and that the small highly 
pushed boilers are run at fiO per cent, efficiency for three hours. 

Then, in pourse of a year, fuel is wasted which represents 12 
per cent, difference of efficiency lost for three hours daily. 

To enable this loss to be avoided there would be so many 
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thousands of pounds extra capital cost in boilers, buildings, 
etc., and where oil is not employed, so much more labour^JOst 
as compared with oil. Properly equated at a suitable ratetof 
interest and depreciation, the relative value of the alternative 
systefns may be found after the manner of the Kelvin law 
applied to cable work. In many stations the extra labour 
for the heavy duty period is difficult to arrange satisfactorily. 
Men are employed more hours than they really work, and where 
it may bo best to use coal for 10 hours, the labour cost may 
make it cheaper to use oil for 4 hours of a peak load, even if, 
in mere fuel cost per unit, the oil is more expensive. | * • , 

Trials with liquid fuel show' that there is still much to be 
done in reducing the air supply. The air required to bum 1 
unit weight of carbon is 11 J units. An ordinary oil fuel re- • 
quires fully 15 units, with, of course, some additional excess 
as with solid fuel. But with oil fuel there ought to be better 
mixture of air and fuel, and therefore better combustion with 
less excess of air. • 

If we regard air as the fuel and coal or oil as the sustainer of 
combustion, Jis we have a chemical right to do, we shall arrive at 
the conclusion that, approximately, the calorific value of a fuel 
in actual duty done will not differ much from the chemjeal 
ratio of air required in the combustion process. The large 
amount of air per pound of oil arises from the large percentage 
of hydrogen in the oil, and it is the large capacity for oxygen 
possessed by hydrogen which renders the theoretical tem- 
perature of combustion so nearly like that of carbon, in spite 
of the high calorific capacity of hydrogen. 

As regards the production of petroleum, that of the United 
States in the year 1901 was 69,389,194 barrels, valued*at 66 J 
million dollars. If each barrel is assumed to contain *360 lb., 
or say 6 barrels per ton, the total tonnage will be 11,565,000, 
and the value, therefore, something under 23^. per ton,*or prac- 
tically $1 per barrel. Thus the weight of oil produced in the 
Unit^ States was about 5 per cent, of the weight of coal, or « 
say 7J per cent, of the calorific capacity. After the removal 
of the lighting luid lubricating oils, the amount of fuel oil 
remaining Vas quite small as compared with the coal output. 

It may be assumed that the total oil production *5f the world 
is not 5 Dpr cent.* of its coal production. Any idea of 
entirely displacing the coal must lie out of the question, unless 
the yield of oil be increased beyond present prospects, and the 
use of ^uel must therefore be undertaken with cpmmon-sense 

^ * 1921. The ratio is now about 10 per cent. 
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caution, and not in any wholcaale manner, to the expected 
exclusion of coal. 

^t the same time, when the limitations of* the subject are 
recogfiized, it cannot be denied that liquid fuel lends itself to 
certain conditions as to steam raising which must render it 
extremely valuable and of great convenience. Marine w^ork 
and electrical work arc, par excellence, the two lines along 
which liquid fuel appears likely to advance most successfully, 
and in the author’s opinion steam-driven motor cars may 
eventually discard the dearer oils and employ the heavy oils 
aqjd fesiduum as fuel by means of atomizers. According t^) 
present appearances, the motor car or tractor offers one of the 
finest fields for the use of the heavy fuel oils, as distinguished 
•from the petrols or even the cheap lamp oils, such as are already 
used on steam cars. Little has yet been done in this direction. 
It may, however, be added that the commoner grades of para- 
ffine arc at present so cheap that such vehicles as sU^am omni- 
buses arc not tempted to depart from paraffine in favour of 
heavier oils. 8uch cheapness a])])ears to arise from fighting 
competition, and if so will not last. 

1921. Much was done quietly during the war by way of 
•introducing liquid fuel throughout the Navy. The pressure- 
jet System of atomization by high jjrossure came well to the 
front. This atomization through small whirl passages of 
course demands good heating and filtration and it is about 
10 per cent, superior in economy to air or steam systems. 

As an example of what oil will do may be cited the case 
of a 6,000 i.h.p. destroyer of 30 knots and 350 tons, which 
burned 139 pounds of coal per 100 ton-miles, whereas a later 
34-knot%oat of 800 tons and nearly 18,000 i.h.p. burned only 
83 pounds oftoil per 100-ton miles. M(»re duty i)er ton-mile 
is of course to be expected in a bigger vessel, but the com- 
parison if notable. In the U.8. Navy oil and coal have been 
found to have a relative evajwration of 14*45 and 9*31. 



CHAPTER I 


THE GEOLOGY OF PETROLEUM 

I • • 

I N this book very short reference only is needed to the sub- 
ject of the Geology of Petroleum and the method of 
procuring it. • 

Petroleum is found in various geological formations, from 
the Silurian and Carboniferous in the United States, to the 
Tertiaries in the eastern hemisphere. It indicates its presence 
sometimes by the escape of inflammable gas at the surface, 
sometimes by the existence of deposits of pitch or asphaltum, 
as at La Brea in Trinidad, where a large lake of pitch has been 
recently proved to have indicated petroleum below. Some- 
times petroleum oozes from surface outcrops. Where Jherd 
are no surface indications petroleum may be inferred to exist 
where the geological conditions resemble those of known and 
proved fields. But no geological knowledge can go beyond 
this. In a proved field there is greater certainty of success 
along any particular line of country with each successful boring 
that has been made along that line. 

Petroleum is very usually found to lie along an anticlinal 
fold, more or less inclined, the oil having been fofeed into 
such ridged or domed formations by the superior ^avity of 
water pressure behind it. A natural sequence of this is that, 
when an oil well becomes exhausted, the oil is ffequently 
succeeded by a flow of water — often salt. 

This frequent presence of salt water with petroleum lends* 
colour to the supposition that petroleum is of marine origin, 
and formed by the action of heat and pressure on marine 
organisms of animal or vegetable origin. 

Porous strata are the most favourable for thd^torage of oil 
owing to^heir porosity. When oveg-laid by impermeable beds 
of clay, gas usually accompanies the oil when firs? struck. 
When oil occurs in clay, as in the oil shales of Scotland and of 
^ew^South Wales and in the Kimeridge Clay England, the 
4c^y has merely absorbed the oil and holds but a comparatively 
small quantity. Tlie gas has often escaped. At Heathfield hi 
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Sussex the author bored a well in 1896 for the London and 
Brigjjiton Railway Co., upon an anticlinal fold of the Weald. 
Very little water was found, but gas at considerable pressure 
hetd been enclosed by the iinpormeable dome, and has since 
been used to light the Company’s station. But the oil with 
which it is associated is probably only that small amount which 
was proved by the subwealden boring in Limekiln Wood, 
near^Battle, and has long been known to be contained in the 
Kimeridge Clay which has for years been worked for oil at 
Wareham in Dorsetshire. 

Surprise is sometimes expressed that within a small distance 
‘ of eacl other some borings yield good supplies of oil, while 
others close by are barren. lUit we cannot know the hidden 
^ geology of any area, even if the surrounding outcrops appear 
to point to continuity and conformity. Tlius who was to 
know, until tlie classical bore hole was made at Meux s brewery 
in Tottenham Court Road, London, that when the lower 
Greensand was being deposited in a salt sea the site of rx>ndon 
wa8(*an uprising above sea level of a mound or ridge of Devonian 
rock, so that the greensand Sea extended only to a pomt under 
the above brewery. Take the map of Indand and look at the 
, deep indentations of the south-west coast, Bantry Bay, Dingle 
Bay, the Kenmare River and Dimmanus Bay. Imagine this 
area gradually to sink deep below sea level and to bo wholly 
covered with clay. Then according as a bore hole was put 
down from the surface above wdiat is now hard rock, or above 
what is now the sea, so would the thickness of the surface 
stratum of clay vary by many hundred feet. The cliffs being 
vertical in places, this difference of thickness might occur in a 
distance of a few feet. A fault would possibly be declared to 
exist, wj^ereas the difference would merely be duo to the ancient 
marine aotidh, which has left standing these upturned hard 
rocks wj^ose synclinal folds may have an equal dip below the 
waves that the anticlinal folds have a rise al^ve them. Such 
natural features as appear in present day surface geology may 
be fairly assumed to have formed the ancient floor on which 
more recent strata have since been deposited. 

The presence of oil in any stratum does not necessarily in- 
dicate that jb was formed in that stratum. It may have found 
its way there by reason of the superincumbent pressure of the 
overlying strata, or it may have reached such stratum vaporized 
by heat and there condensed* to liquid. Or again, it may have 
bwn forced to leave some earlier location, nq matter |iow it 
reached sueh^^arlier location, by the superior pressure of water. 
Water indeed has much to do with what, for lack of a better 
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term, may be called the hydrogeology of petroleum. When a 
petroleum well gushes, it does so because the oil is being pressed 
upon by water, which, but for the presence of oil, would itself 
rise near to or*abovc the surface. , • 

A case may be pictured, as in Fig 0, where a porous stratum m 
is fed with water from the surface at S. This water escapes 
by some opening to the surface, or it may How away in the 
direction of c to some surface spring at the level of the water 
line marked W.L.l. 

In the anticlinal fold or dome under the point A there would 
be a reservoir of oil under a water pressure equal to P. A,bore- 
hole at A , right above the ridge of this buried anticline^ woifld • 



Fig 0 , -IIVI'OTIIKTICVL SiCC'TION OF Oll.-Dl! VUINQ STRATIFIOATION. 


allow this pool of oil to escape at tlie surface as a gusher. 
And when all the oil had escaped the well would yield^water. 

Similarly a boring at B would yield oil cquallv fregly, but 
water would follow while still the crown of the dome contained 
oil above the upper dotted line. A well at 0 woi^d yield 
water from the hrst, while at D neither oil nor water would be 
found unless the bore-hole was carried down below W.LA. 

Let all the conditions remain the same, except that the water * 
level stands at the line W.L.2. The same results would happen, 
except tha^ the wells would not yield above the surface. They 
would be known as pumping or baling wells. Jlie hole D 
would pass through the w'ater-bcaring stratum on to the left of 
the water ^evel, and wnuld thereforfc be dry. It is ^y to 
multiply these assumed geological^fonns in order to account for 
every peculiaritv that may be met with. 

Readers can picture for themselves the very* much wider 
fields over which boring would be successful if the water only 
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stood at If .L.3, for with suitable stratification to the right of 
c, it would be possible for oil to fill the stratum m even to the 
surface, and the whole of the oil could bo finally baled, and 
without meeting with water. Nor is it necessaVy to assume t he 
existence of a buried anticlinal. A mere frustrum may alone 
have been left by surface denudation and borings alonf; the 
side slopes of thivS frustrum may reach oil. But a gushing well 
dem^ds artesian pressure or gas as its acting force. 

The boring of an oil well is complicated by the occuri*enco 
of water-bearing strata above the oil bearing stratum, and it 
is possible to let down this upper water into the oil stratum 
below IP such a way as to force away the oil and HMidcr 
large areas barren of oil. Hence the extreme importance of 
shutting out such water by easing tubes tightly inserted. 

‘ Thus if was a water-bearing stratum the easing pipe must 
pass through this and enter well into an impermeable stratum 
below, such as let it be supposed i may be. 

Where the slopes of an anticline are steeply inclined the oil 
fiel(k will be very narrow, and this explains the closely spaced 
derricks seen on some fields extended in a narrow line along 
the anticlinal ridge. J'^very bore hole that is put down affords 
figures from wliich the underground contour of th(^ roc^ks can 
* gradually be worked up, and plots of land gain or lose in value 
as it becomes easier to make definite statements as to the depth 
to the oil stratum and the certainty of being to the left or right 
of points, such as e, on which yi(*ld dep(*nds. An inspection 
of Fig. 1 will serve to show liow easy it may be to drive casing 
so as to shut off a suj)ply of oil, and how it might also happen 
that instead of oil, water would be obtained. It is also clear 
that a well may cease to yield oil sooner than it would do if the 
casing flad not been driven too far. I'hus a well that has 
ceased fo yield might, on occasion, be again brought in by 
perforating the casing at a suital)lo horizon. 

Any dltempt to prove oil or find it without some surface 
indication is considered to be 8|K‘culativc or of a “ wild cat ” 
order. But there can be very little doubt that great deposits 
of oil are lying hidden beneath rocks which are completely 
shut down below superincumbent strata and have no outlet 
to the surface by which they can give the faintest indication 
of their pre^ce. Oil exploitation so far has been carried out 
on the lines of working «oal seams from their outj^rop only. 
CJoal is a regular geological stratum, and its presence may be 
inferred at long distances from any outcrop, as it was inferred 
at Dover as % result of the artesian boring in Tdttenham Oourt 
Road. But oil is not a geological positive fact, for it may be 
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found to-day far from its point of formation, as stated above, 
having suffered lateral or vertical transfer by the agencies of 
heat, ^ater, gas or gravity. It is therefore liable to be fdund 
in strata of all geological periods . If present in Great Britainjn 
serious quantity it is probable that it will only be found af very 
great*depths. Very little is known of the deep-seated rocks 
of Britain below the coal measures, and the deepest coal mine 
is not much over half a mile. But the recent strata of the south- 
east of England are now known to lie unexpectedly and uncon- 
formably upon ancient rocks of Devonian and Silurian and also 
Carboniferous age. So that the unexpected may yet happen 
in the shape of a petroleum field in Great Britain, ^^ibJy » 
in the deep seated Old Red Series which are known to yield 
salt water and suspectedly petroliferous. 


Petroleum Drilling and Pumping 

Oil wells are bored by the aid of a derrick about 60 t^ 80 
foot in height ; 72 feet being a very usual height. A derrick is 
built up of four stout inclined corner posts, braced by horizon- 
tal struts and diagonals. Many modem derricks are of steel. 

The tool usually employed is a heavy chisel attached to a* 
heavy sinker bar. Sinker bars vary in size from inches 
square by 30 feet long up to x 15 feet. They arc raised and 
lowered, by a rope or by a line of iron rods or poles. A rapid 
up and down stroke is given by means of a walking beam to 
which the rope or rods are attached by a long screw frame or 
temper screw, or by a chain from a winch carried on the beam 
itself. The rope is let out by turning the temper screw as the 
chisel cuts the rock and the rods are lowered gradually by the 
winch. Debris is removed by drawing up the line of t^ols and 
lowering the sand pump or shell, — a long tube with a valve at 
its foot, by means of a winch and rope over a pullc^ at the 
top of the derrick. The walking beam and the winch barrel 
are set in motion by means of belts from pulleys on shafts < 
driven by an engine, such belts being slack, but tightened up 
to working tension by pressure from lever-actuated jockey 
pulleys. Other levers control the band brakes which hold the 
mechanism securely at rest when needed. A ^ond winch 
raises andjowers the casing tubes. In Russia wells may start 
with casing as big as 24 or 36 inches diameter. In America 
wells are usually 8 and 10 inches, finishing as small as 4 inches. 

Another system of boring is the rotary system, Jby which the 
oasii^ itself forms the tool and is rotated by faring at the 
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surface, and sinks through loose strata by the aid of a flush of 
wateF forced down tlie casing, and escaping into the strata 
thrpugh which the casing ])cnetrates, or making its way to the 
surfadb outside the pipe. , 

Borijig operations are simple while things go wtII, but ropes 
and rods break, theborcdiolo walls fall in, the chisel Ls jammed 
fast or the casing collapses under heavy pressure from witliout, 
and if great variety of salvage or fishing tools are made to combat 
these contingencies. Hence the need for strength and the 
reliability given l)y Low-moor orFarnley iron for special items. 

PwnJig to the inflammability of the gas and oil which a well 
may yicTd, the boiler is kept well back from th(‘ derrick, and the 
engine is connected by a long belt to the mechanism of the rig. 
• Derricks are now' frcipicntly formed entirely of st(‘el. 

Casing consists of lengths of st(‘(‘l pipe' senw\4'd to a butt 
joint and socketed. Tlu'v are used in random haigths, unlike 
the English artesian system of using dead lengths of 10 or 12 
feet, which render it so much easier to know’ the exact depths 
to wWh easing has been driven. 

When oil has IxMai obtained, but do('s not flow to the surface, 
it is raised by the bahu'. a long pipe with a valv(‘ at its base, 
which is lowered by a winch and ro])e into th(‘ oil and hauled 
up full of oil Baling may be continuous night and <lay at maxi- 
mum possible yi('l(l, or, if supplies are poor, baling will be done 
nioniing and ev(*ning for as long as desirable, the oil accumulat- 
ing in the day and night betw(‘en baling tinas. 

Or pumps may be enit)l()yed, and on sonu^ tields many pumps 
are w'orked from one central (‘ugine by means of a crank rotat- 
I iiig on a vertical spindle and hauling iij)on a number of tension 
ropes attt(;hed to the pumps like spokes radiating from a central 
hub. \Wien the oil is not too deej) below surface* the air lift 
pump may be employed, though this is expensive to work, owing 
to the geit^ral low efficiency of comiiressc-d air, but it has some 
very serious advantages. 

Given that the oil is pre.sent in a wtdl, more can be raised by 
the air lift in a given time than by any other system. 'Fliis is 
specially valuable where there is a free supply of oil jind the 
well is of small diameter. 

There are n# moving parts down the well. Any number of 
wells can lx> pumped from aj^single power station, the coyiprcsscd 
air being^arried to each well Ijy a branch from an air main. 

The central pow'er station may be at any di.stance from the 
•wells, so avoiding all risk of fire. 

Oil containin’g sand can be raised with ease. Sand causes a 
good deal of wear in pumps. Both pumps and balers can be 
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worked with safety by enclosed electric motors, the current 
being brought from a safely distant power-generating station. 

In'hsing borhig systems which involve the employment of 
water flushing for debris removal, there is risk in some chrcum- 
stances that the oil when reached may be driven away by the 
water flush and passed by without its presence being suspected. 
Engineers should always be alive to this danger. 

Diamond rotary drilling is not employed for oil drilling, for 
the “ crowns ” become two expensive for the size of holes 
required to bo drilled. 

Hard rocks may bo easily penetrated by the rotary tfrocess 
with chilled steel shot. But this system requires a flush of * 
water with its possible disadvantages. The ordinary method 
with heavy crushing chisel has the very serious disadvantage# 
that itHma.shes everything to a pulp, and destroys the best of 
the fossil evidences of the rocks passed through. 



CHAPTER II 


TIIK ECONOMIES OK Llgril) FUEL 

• TN (Ion side ring the application of licpiid fuel every caso 
X must he taken by itsc'lf and the costs (‘valuatcnl. In 

^ favour of oil there is, first, the c‘as<^ and rapidity with which 
a liipiid can be taken into store and delivered to the bunkers 
of a ship or the tank of a locomotive. Next there is tho 
economy of labour, which may be almost nil in case of a single 
boiler with on(‘ attendant to the engine and boiku*, or it may 
be ^ery gn'at Mh(‘rt‘ there an' many boiliTs. 

The superior calorific pow(‘r of oil must then be equati^d 
with th(‘ prie(‘, and the co.st per unit of evaporation found from 
^this. 

The removal of (*iuders and ash may or may not be a matter 
of cost, aocordinj.? to the defuand for thefn locally. 

Liquid fuel possessc's gr(*at elasticity of -use and fits well 
with sudden and varied dc'inands for power. Hene(‘ its value 
ill raih’oad work, ek'ctric light work, and other powa^r stations 
w'herc loads vary greatly. 

Where the mixed system is employed, as with the Great 
EasternfRailwa^ % the mere question of economy, as based on 
the acti^al weight of fuel consumed, is to be found as follows : 
t A locomotive consumes A units of coal per unit distance. 
When rynning with coal and oil, it is found to consume 
M units of cod. 

0 ,, oil. 

• The price of coal is y ; of oil x per unit. 

■f'”" ® ^ l.c«+ X , £ A/ K or X £ 

The cost of oil is largely a matter of carriage. What costs 
three fr^^ncs = 2s. 6fl. ifiii ton at Baku costs 18fl francs = 
£7 8^. 6(1. in France. The diffenmee of 182 francs is mode up 
of railway and sea carriage, handling, customs, warehousing. 
The customs stand for ninety francs, so that tiie same oil at 
an English port should not cost over £3 I6s, 
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American residues cost five to six francs more than Eussian 
mazut, whence MM. Colonner and Lordier, who give the |bove 
figures, dismisswoil as an economical fuel in Franco pending the 
reduction of tlie tariff. • • 

Orf the Southern Pacific Railroad the relative evapora- 
tion of oil and coal is 305 : 274, or 33 per cent, in favour of 
oil. 

On the International and Great Northern four barrels ef oil 
proved more tlian equal to a ton of coal, and at 125. 6d. per 
ton and 25. 4d. per barrel the economy of oil was 13 to 14 per 
cent., including the economy of handling and storing. • 

To produce 1,000 units of steam, coal gives out more ^rbofiic 
acid than oil, though the oil destroys quite as much oxygen 
and reduces the lifc-.siipporting power of the air to probably, 
equal extent. 8o long as combustion is perfect and no actual 
poisons are made, there is not much to choose between the 
two fuels beyond their sulphur contents. As regards the 
safety of oil, it has been shown that oil with 117°C. = 239°F. 
flash-point did not ignite if fired at with shell, nof did 
dynamite exploded in a reservoir of this oil do more than throw 
up jets of oil which did not ignite. 

Any danger with liipiid fuels is with the oils which have noj 
parted witli tlunr inllammable and volatile gases. Thi^ is a 
danger with oils when used ab.solutely crude. Purged of 
these portions, however, oil is safe, and, moreover, unlike coal, 
it contains no power of spontaneous combustion. Though 
it is claimed by some that oil does not deteriorate if kept in 
tanks, others do claim that a certain deterioration is produced 
which renders it dillicult to atomize, the oil becoming more 
thick and viscid. • 

In Russia circular atomizers are often employed w^ich give 
out a large hollow flame. The Bereznef atomizer, is one of 
these. They liave the disadvantage of being out of reach in 
the middle of the fire of a locomotive, and they become burned 
also through being in such close contact with the flame. 

Steam enters below a central disc, and oil flows under a* 
head of two to three metres on the upper side of the disc. 

The advantage of this form is said to be its constant out- 
put. 

Too much mazut produces smoke, too much steam is waste- 
ful. Thete is a certain fixed ratio ot oil and steam to give the 
best result. The Issaief atomizer, which resembles the B6rez- 
nef, will feed ,50 to 100 kilos, of oil per hour (110 to 220 lb.), 
ami it consumes nearly 0*4 kilos. = 88 lb. of steam at 4 to 6 
atmospheres pressure per kilo, of oil (2*2 lb.). The table, 
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NO. OF TEST. 

DATA. 

1 

! 1 

s 1 


& 


8 iitnini*f*rt« 4 atomJ7rr<< lntoiul*<*r 3 af'Ofiilf<*n 3 atemUcri 


Bt'rrrm-f 

KniupkA 


B*'rezurt 

liaJOiliiiao 

Duration of trial Hours . 

12hrs 

lOh 30ni 

10b 30ai 

7 hrs 

D hrs. 

Total kilos, of oil consuinod 
Mean iboilor prt*fwurc,s in at 

‘Ji0:ik. 

705 7 

1,104 1 

1.183 

50 

1.1K3 

mo.sphoro8 

Mean temperutiu*o of fowl 

4 r> 

50 

4-5 j 

4-76 

20 2 C. 


water 

41 

3S ( •. 

40 0 (\ 

10 2 t\ 

Litres of water fisl to boilers 
► Kitogruiri of water bsi to 

:{i.(UHi 

11.012 

10.232 

10.284 

10,832 

10,310 

boilers , . . . . 

2!M10 

11,122 

15.071 

I.5.S05 

Kilograms of steam jirodta’ed 
^ at feed temperaliiro jier 




13 70 

14 22 

kilo of oil 1 

1117 

HO 

14 7 

Kilograms of steam [>roduc(xl 
from 0 C, per kilo of oil . j 
Oil por lioiir per stpian* nvtro 

1.4 2S 

13 0 

13 

13:i0 

13-78 


1-143 

of grato surface. Kilos. . 
Steam, por hour por sijuaro 

UU87 

! 1 131 

1 5()0 . 

1-400 


motro of grate hurlaee. 
Kilos 

i 

13 1 

ir, .Si 

21 12 

1 0 0.33 

' 15 758 

m 1 C)f feed water 

Teinpora- ' f ■ 

turo • 

I of air above boilers 

120 (\ 
132 

S.-* 

' 130 

87 3' 1 
130 1' ! 

Os 0 

00 

i 04 tr 
80'^ 

27 ('. 

'27 

20 

27 ' 

20 -8* 

Atomiiing stonm per kilo of 






oil. Kilos 

— 

, 122 

, 0 304 

— 

— . 

Heating Burfaco. S(p metres 

185 

! 1 

00 

115 

115 


1 square metro 10 70 sfjuaro Kilograms por sipiaro motro 

-;-o- jkjiukJh por sijuaro foot nearly. , 


above, is given by M. Keller, of Moscow, as the result of 
tests ma<le wilh various atomizers 

M. Berlin, in dealing with the etliciency of liquid fuels, 
points out that a fuel containing 85 per cent, of carbon and 
14 per cqpt. of hydrogen, will coriHume the oxygen of 7*66 
cubic metres of air to satisfy the carbon, and of 2-72 metres to 
satisfy the hydrogen, or 10*28 euliic metres in all. By adding 
^0 per cent, excess of air, or 14*4 cubic metres 18*7 kilos, 
of air per kilo, of oil, tlien combustion will be perfect and 
smokeless. 

The Authors own figure for the weiglit of air chemically 
necessary for the above sample would be 14*7 nearly, and 40 
per cent,* excess would increase this to 20*56. M. Bertin’s 
figure of 18*7 appears to represent about 27 per cent, air excess. 

The theoretical temperature of combustion will be — • 


11,000 

(18-7 4- Ij X 0-23 


2,480T. = 4,496°F. 
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If the gases leave the boiler at 300°C. = 572^F. the loss of 

300 * 

heat will be ^ 12*10 per cent, of the total, which is eq^ui- 

valent to an increased efficiency of 6*65 per cent, as compared 
with coal. He further estimates a gain of 1*9 per cent, over 
coal in the absence of aslies and their cooling (onboard ships). 

The efficiency of a boiler estimted at 75 per cent, for'eoal, 
becomes 0*835 for oil firing, or 0*75 + 0*0005 -f 0*019 r:.: 
0*835. 

But good combustion and utilization still further favour pil 
•835 

in the ratio -- 1*28 m ; m becoming then r ~ 1*20 x 

1*28 l*r)3 ; th(^ figure 1*20 being the chemical ratio of [lower 

of coal and oil. In Torpedo-boat Xo. 02 (French) M. Bertin, 
how(^ver, only obtained m and r : - 1*33. The cau.ses 

of the difference are found in the nature of the flame of oil, 
which has less radiating {)ower than the flame of coal, and the 
powerful effect of the directly heated coal furnace is sacrificed, 
and to secure the same results an undesirable extension of heat- 
ing surface would be n(‘ce.ssary. 

Secondly, the llame of oil is long if care be not taken suitably 
to arrange the burners. It may pass betweiui the tubes and 
become extinguished, and the gases jiartly burned may even 
relight in the chimney. The chemical action and reactions of a 
burning spray of oil may be very much comjilieated by dis.so- 
ciation or even by exothennic formations, which may delay 
heat production. Later when combustion becomes active avS 
shown by the light giving powTr of the Hames, it will bi more or 
less rapid according to the perfection of air admixture^- and w ill 
last for a time - : during which the jet, travelling at a high 
velocity, r, passes through a distance L x- vt, wiiicu may be 
yards in length. 

Thus the course of the gas must be long, or it may escape too, 
hot to the chimney. Hence arises the necessity of cutting short 
the flame by early admixture and high temperature, so as not 
to lose the benefit of the boiler-heating surface. 

It is for this purpose that in most successful oil-burning fur- 
naces the^iet of atomized oil is directed upon a brick obstruction 
of some kind so as to spread the flames and cause them to fill 
the furnace space and lick round the plate surface. Locomotive 
firebiS^es may be studied, as in Fig. 26 to show how this effect is • 
(loured before the gases escape to the small tubes. 

Oeneral Prinicples of Liquid Cotnbustim , — review of the 
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whole subject, in tlie light of chemical knowledge, of the claims 
of manufacturers and of users of liquid fuel, shows that success- 
fully to bum a liquid it must be finely pulveriz^j'd, to do which 
it biust be heated sufficiently to destroy its viscosity and en- 
able the spraying agent, air or steam, to fear it up and disperse 
it in a line spray intimately mixed with air. The correct 
amount of air must be admitted to burn the liquid, and this is 
one #f the advantages of employing air as the atomizing agent. 
Where sufficient air cannot be introduced with the fuel, it 
must be admitted from below, as through grate bars covered with 
broken bricks. Steam, jireferably superheated, is the most 
cftnverMent to cmjiloy as the atomizing agent, but on the salt 
seas has the disadvantage of w'asting from 3 to 5 jier cent. 

^ of the steam made by the boilers, and this loss must be made 
good by evaporators. 

As with bituminous coal, which, like oil, is a complex 
hydrocarbon, liquid fuel should be burn(‘d in furnaces more 
or less protected from immediate loss of heat to the boiler 
surfaces by means of linings or baflles of firebrick. Liquid 
fuel, however, is more easy to burn comy)letely than is coal, 
because it can be more intimately mix(‘d with the nec(‘ssary 
^air. The interior of a combustion chamber should show a 
cleat white incandescence with little apparent flame, and no 
smoke or unburned gases coming from tlu* chimney. Jf looked 
into through a jiiecc of violet-coloured glass, the interior of the 
combustion chamber w ith its brick linings should show a light 
lavender colour indicative of perfect combustion, with the pro- 
duction of actinic rays iiidicativ(5 of high chemical action. A 
chilled fire, such as is produced w here a boiler is placed close 
upon tlje funiace of a coal fire, will show very fittle light indeed 
through a violet ghiss, its flames being cut down from several 
feet in length to a few inches only in many instances, the flames 
of yello^ and reddish intensity being resolved into streams of 
dun-coloured gas which tlirow off no light of sufficient actinic 
power to penetrate the glavss. 

Much difference of opinion exists in regard to the flash-point 
of the oil to be used. Crude oil is so widely different a product, 
according as it comes from one or another locality, that no rule 
can be laid ^own as to its safety or otherwise. Those crude 
oils which, hke the Pennsylvania oil, give a largo proportion 
of gasojpne and other veXatilo compounds, are not tteed in their 
crude form because they pay" better to refine, the heavier resi- 
duum being used as fuel and being much safer. The^use of 
volatile liquids is only undesirable on the score of safety. 
Some of the crude oils, as for example those of the Beaumont 
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field of Texas, contain so little of the lighter oils that they are 
used as fuel in their cnidc form. The one thing to note is that 
the more highly volatile oils have an element of danger from 
which the heavy oils are free, and this danger intensifi(js the 
results of every possible accident that may occur, especially such 
as arise from rupture of an overhead tank and the gravitation 
of the oil to lower |)oints. The whole question is really very 
simple, and resolves itself into an intimate mixture with air in 
sufficient ([uantity and a pro})er conservation of the temperature 
pending full combustion. Fortunately for liquid fuels, these 
items are not only easy to realize, but failure, when they are 
not realized, is far more disastrous and eomplotc tharv^in the 
case of solid fuels. Hence the nadly simple problem of burning 
bituminous coal has never been properly solved, except in a few 
eases. At th(‘ same titne it is easy of solution, but if not solved 
it does jiot produce the same bad elfeets as does the faulty com- 
bustion of li(|uid fuel. In regard to this question, the Author 
would like to point out that, where coal is burned in a refractory 
furnace, it should be capable of burning perfectly, with dess 
excess of air, and coal ought to give results more nearly ap- 
proaching its true value than it does do in ordinary faulty 
daily practice. Probably all the conq)arisons given in this 
book, exec'pt, perhaps to some extent those of locomotives, 
are too favourabh' to li(piid fuel, which is sup])lied with those 
essentials of perfect combustion that are withheld from coal. 

This question of rdractory linings is essential, and it is 
secured by bridge walls, overarching jind, where fire-bars are 
left in place, by covering these with broken lirebrick or by whole 
bricks laid on edge. 

ft does not seem possible to introduce all the necesijary air 
with the fuel. A chemical minimum of lifteen pounds of air 
is necessary to sup])ly the oxygen for the average hydr&arbon 
liquids, but probably at least 5 to 10 per cent, excess is required 
in the best practice, and this must come in below' the oil spray, 
and should not be introduced in a single large stream, but 
divid('d up into numerous fine streams through perforated plates, 
or through a mass of broken bricks or loosely laid brickwork. 
In Fig. 5^ is shown the arrangements of air admission at the 
floor of a w'ater-tiibe boiler furnace which is in the right direc- 
tion. The Weir boiler. Fig. 7, p. 121 is also suitat)ly arranged 
for liquid h’.el, as regards the lining o£ the furnace and combus- 
tion-chamber. Where liquid fuel is used alone the fire-grate 
would be covered w ith bricks laid on edge or simply broken into 
pieces ^of 2-indii cubes, and the atomizers would be arranged 
siihilarly to those of Fig. 61. The general conditions that have 
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been evolved are well shown in the various locomotive and 
stationary boiler furnaces illustratc'd in Part II. 

In the Weir small \vater-tube boiler the sides.of the A-shapo 
fumate are lined in firebrick blocks which are threaded upon 
the middle widely spaced tubes which form the walls of the 
furnace proper. 

The first row of the main body of tubes is similarly protected 
to iohn a refractory wall for the combustion chamber. Thus 
both the furnace and combustion-chamber are fully refractory 
on two sides. Such a boiler as this can bo \vorked with coal 
entirety, with oil alone, or upon the mixed system, the brick 
“ linings Enabling combustion to be carried out with smokeless 
and economical perfection. 

By means of sight-holes the furnace can be examined, and the 
admission of air gradually increased until the gases become 
clear, clean, brightly incandescent red, and the opposite end of 
the furnace shows up clearly. So long as there is smoke-forma- 
tion the opposite brickwork cannot be seen. As soon as com- 
bustfon is perfect it appears clear and bright red, and the air 
should then be cut down in quantity until an occasional streak 
of dark-coloured gas begins to show, thus jiroving t hat under 
^he conditions of the furnace the air has been reduced to a 
possible minimum. 

Under some conditions of boilers it would appear that to 
ensure smokeless combustion of liquid fuel, not more than 2 to 
3 lb. should be consumed per hour per cubic foot of combustion 
space. This will have considerable bearing upon the question of 
furnaces with or without firc-grat<*s, the latter type more easily 
securing the requisite volume. The above figure may be borne 
in mini when considering the (piestion of furnace dimensions. 
More recent practice is claimed to give a nearly smokeless com- 
bustion with a rate of 20 lb. of oil per cubic foot per hour. 

The tciun liquid fuel is herein limited to— 

1. Coal gas tar, creosote, coke oven tars, blast funiaco tars, 

and the tar from oil gas manufacture and other jiro- 
ducts of the destructive distillation of fuels, including 
the more volatile naphthas. 

2. Petroleum and other mineral oils found liquid in fiature or 

distilW from bituminous shales. 

In a work of this nature, also, it would not be possible to 
take notice of all the uses of liquid fuels. For the purposes 
of this book, therefore, liquid fuel includes the products under 
sections 1 and 2 which do not possess a volatiIity,or refintoent 
greater than those of the heavy paraffin series or lighting oils. 

The crude mineral oils of course contain such volatile consti* 
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tuents, and may be used in their crude form, but usually the 
superior value of the distillates leads to these being lirsttsepa- 
ated, the coarse residuum known as astatki or mazut being the 
oil so much used as fuel. Having been deprived of it# more 
volatile portions, it is safer to carry and to use. 

A liquid will not burn when cold, and cannot be ignited in 
mass. If heated to the point of ebullition and supplied with 
air, it will of course bum fiercely and uncontrollably.* The 
art of burning liquid fuel consists in heating only the portion 
which is to be immediately burned and exposing it to contact 
with air. Unlike coal, it is not possible to burn it at mafty sur- 
faces. A coal fire is made up of many pieces of coal, ea^ll bum- * 
ing over its whole surface. Liquid fuel will not lie on a grate in 
separate pieces. If, however, a layer of liquid were heated to 
vaporizing point, or nearly so, on a finely perforated plate, 
and highly heated air were forced through the perforations, the 
liquid would no doubt bum freely with strong flame, but the 
mass of heated liquid would be difficult to control. Hence in 
practice we arrive at those systems which employ a jet of air or 
steam to split up a stream of liejuid into tine globules in presence 
of a sutricient supply to air. Each globule burns superficially 
and becomes heated by its own combustion and the general 
heat of the furnace, and this principle appears to bo the* best 
and most effective method of bui’ning liquids. Indeed, it is 
perhaps the best method of burning anything, first to reduce 
it into particles so fine that their bulk bears a small ratio to 
their surface area, whereby each particle is brought close to the 
air which it requires. 


Atomizing. 

The necessity for atomizing arises purely from the insufficient 
surface area of the fuel otherwise treated. A fire composed of 
lumps of coal is full of interstices, and the area of the fuel ex- 
posed to air is much greater than the area of the fire-grate. 

Liquid fuel would fall through the grate. It cannot be burned * 
on a flat surface, because, being liquid, it tends to flow together 
and pre^nts only an upper surface to the air. The use of 
trough-shaped bars along which the liquid flowai and through 
which streams of air are admitted, does not get over the diffi- 
culty of ^all exposure of surface. * • 

There is no incandescent mass through which air is flowing 
to cawy off the fuel in a burned state and to maintain the mass 
^candescent. If the whole of the liquid mass in a furnace did 
become incandescent, or even approached that point, it would 
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distil in the form of vapour, aud, if provided with air, would bum 
away •uncontrollably, probably with great evolution of smoko. 
Thj more easily combustible or volatile portk)ns would dis- 
appear first and the remainder would probably be left over un- 
consumed. Thus if the tire is to be controllable, the fuel ftuist 
be supplied as it is consumed, so that at no time is tluTc any 
serious amount of burning fuel in the furnace, and the produc- 
tion of steam is at once regulated by a Minple regulation of the 
fuel supply. This end is secured by atomizing the fuel and 
discharging it into the furnace mixed with air, so that each 
atpm bf fuel is in contact with air, and combustion is (‘asily 
* effectc(f It will be found that with all the heavy liquid fuels 
atomizing is essential. 


Va fHjrizing. 

With lighter oil, as the cheap lamp oils used in st(‘am motor 
cars, the li(juid is supplied through a coil ot pi])(‘ hcat(‘d by the 
flame itself and is converted into vapour, which burns fnrly 
w'hen mixed with air. With this oil it is not found that a 
deposit of carbon takes })lace in the retort coil, as might be the 
ijase with heavier oils. The lighter oils already pre])arcd by 
distillation at a moderate temperature ean thus be burned with- 
out atomizing, but, after all, their resolution into the form of 
vapour may be taken as the most complete form of atomization, 
and atomization is really a substitute for vaporization. 


Varieties of Liquid Fuel. 

Li nature liquid hydrocarbon is found both free and absorbed. 
The fre* liquid is obtained from hore-holes put down to the oil- 
bearing stratum. When not tree it is obtained by distillation 
from bituminous shales. The latter have been more employed 
for lighting or illuminating and lubricating purposes. Iho 
free oil or petroleum has forced its way into consideration as a 
fuel, having been employt’d now for many years in Russia. 
In addition to the natural oils, there are many hydrocarbons 
formed in the arts which have a high value as fuel. •Of these 
there is the ^r of the gas-works, a black viscous liquid which 
separates out from the gas in the process of cooling. It is 
formed in the hydraulic main and in the pipe coold^s and con- 
densers. A thinner tar is pjjKluced in the condenser of oil-gas 
plant as a product of the destructive distillation of oil in the 
Pintsch gas process. W^here blast furnaces are fed with coal 
in place of coke, tar is produced in the condenser pipes of the 
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residuals plant, and in modern coke ovens a tar is also produced 
from the gas driven off the coal. • 

Crude petreJeum contains many hydrocarbon compounds 
varying from the formula CH| up to Cu, Hj 7 , the general 
foriAulje being CnHo,, and C,.H,n +2 m an isomeric series of 
many numbers. When subject to distillation some of the 
compounds are split up, and certain compounds have^ been 
found to contain as much as 95 per cent, of carbon. 


Amerimn Petrolevrn Fuels. • 

# * 

In the United States the oils principally sold for fuel pur- 
poses are the by-products of crude oil ; their gravity varies 
from 23° Baum6 to about 34°. 

The oils of lower gravity are known usually under the name 
of Reduced Fuel Oil, and one of gravity 23 was found to analyse 
as follows — 


(’rti'lxm S7'72 * 

.Uy<lr<)p;('ti 11 -45 

WciY^lit per gallon 7 02 pounds 

Weight per imperial gallon 91 1 „ 

B.Th.lh per pound 10,800 

Calorics, per kilo 11,000 


The oils of higher gravity are known as Distillate Fuel Oil, 
and one at the extreme end of the scale, or 34 J3aum6, analysed 
as follows — 


Carbon 86-19 

Ifydrogon 12-51 

Weight per gallon (American) .... 7-11 pounds 

Weight per imperial gallon ..... 8-53 „• 

B.Th.U. per pound 20,250 « 

Calorics per kilo 11,250 


Oil being sold by the gallon an oil of 23 gravitj^ contains 
161,006 B.Th.U., and one of gravity 34 contains 143,988 
B.Th.U. per U.S. gallon. (8J lb. of water). 

The heavier oil possesses the greater calorific capacity per 
gallon. It would bo better practice to sell oil by weight or to 
state califrific capacities per gallon. For marine work the best 
oil contains the greatest heat-producing capacity per unit of 
volume, for this implies so much more efficiency of bunker 
capacity. * • 

Approximately the two extreme oils named contain per 
imperial gallop (of 10 lb. water) — 

^ Gravity 23«B« 181,340 B.Th.U. 

" . 34‘^B = 172,870 B.Th.U, 
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An average oil measures about one million B.Th.U. per cubic 
foot, 9 r 35,000,000 units per 35 cubic feet of space. A ton of 
coal which occupies about 35 cubic feel contains about 33,000,000 
unils •f heat. In heat capacity, oil has the advantage over 
coal, apart from the fact that oil can be stored in small bttlast 
tanks, and the coal bunker capacity of a ship can then be used 
for paying cargo. 

Texas and California Oih. 

These oils arc used as they arc found, that is to say, princi- 
^pajly 11 ^ crude form. 

Determinations have been made of tlu^ ealorilic^ eilect of these, 
and two are subjoined — 



! 

nrii.u. 

CuIdhos. 

Lucas VVell-JcITcr.son (\) 

l!Kr)74 

10,874 

Higgiys Oil & Fuel Oo. — JeffiTson (’o. 

10,78.') 

10,902 


Texas oil is high in sulphur, containing this to the extent of 
2 per cent. It is said that no injurious elTects are produced upon 
fire-boxes or boil(‘r-plates generally, and it apj)ears rational 
that this should be so. The furnace products newer pass away 
except at a temperature above that of saturated steam, and 
it appears unlikely that the dry hot feirnaee gases should con- 
dense to moisture on the boiler-plates, especially of highly 
heated high pressure boilers. Care is of course always neces- 
sary that furnace gases shall not make contact with any surface 
water coaled below 100'’ F. : 38^0. Otherwise corrosion may 
occur, pry sulphur oxid(‘s, however, seem to be innocuous. 

The Tables I, II, III, and IV are given by Sir Boverton 
Redwood^whose works may be consulted in all that relates to 
the chemistry of petroleum, which is too wide a subject fully to 
be dealt with here. 

' Six thousand heat units are, states Dr. Engler, rendered 
latent in liquefying carbon, but this appears doubtful, for the 
conversion of solid carbon into gaseous carbon is not proved 
to render la^jit more than 5,817 B.Th.U. per pound, though 
Berthelot states that there may be a further amount, which he 
denotes ^ e. It is improbable that the liquid formTlof carbon 
will absorb so much as 6,000 units. As regards water, the 
latent heat of liquid is only about one-seventh the latent^heat 
of vaporization. It is probable that a considerable difference 
exists also in the case of carbon. Against this is to be placed 
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the fact that carbon has no intermediate state between solid 
and gaseous, but passes directly from one to the othe|; when 
burned. It c^i only be said to bo liquid when combined with 
other elements. t ‘ 

Russian Petroleum. 

Russian oils are the inverse of the American oils, for while 
the latter contain about 25 per cent, of residuum, the former 
may contain 75 per cent. Astatki or residuum varies from 
35 to 60 per cent, of the crude oil, and is really the chief product 
of the Russian oils. • 

The specific gravity of crude petroleum varies fromrO‘771'to* 
1*020, and the following general values are given by Sir Boverton 


Redwood. 

Sp, Or. 

Crudo |M‘tr<)louru (Redwood) .... 0-771 to 1-020 

American (llofor) 0-7H5 to 0-930 

Wyoming 0 945 

(Jalieian 0-799 to 0-902 

Hakii 0-854 to 0-899* 

Canada 0-859 to 0-877 

The percentage of residue in various oils is given as follows — 

Ponnsylvania 5 to 10% 

(lalieian 30 to 40% * 

Roumanian 25 to 35% 

Alsace 35 to 00 

Baku . 36 to 00% 


The composition of oils is thus very varied. 

Creosote Oils. 

Properly speaking, creosote is that distillate fronj coal tar 
which is intermediate between crude naphtha and pifoh. 

It is sometimes called dead oil and heavy oil, because its 
specific gravity is greater than unity. 

In a wider sense creosote oil is understood to mclude the 
heavier oils from bituminous shales as well as the liquid de- 
posited from coke oven and bla^t furnace gases. These various 
oils arc all combustible, and though by no means properly 
called cieosote, the distinction is not of importance as regards 
their value as fuel. 

True creosote is probably too valuable as an antiseptic in 
wood preservation to allow of its veiy extensive use ^ fuel. 

Coal tar creosote consists of that part of the tar which distils 
betv^een 200''C. and 300°C., and includes various naphthalene 
bodies, etc. *In colour it is yellow green and fluorescent. Its 
specific gravity is MO to 1*024, according to quality, the 
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London made oils being heavier than provincial oils, simply 
becauie London is supplied largely with Newcastle coal, while 
country oils are from Midland coals of different -quality. 

A*s regards the constituents of creosote, the chief are naphtlia- 
lene, carbolic acid and cresylic acid, and the composition of 
these bodies is as follows — 

0 Creosote. 




Cijipslilut'nt. j 

Fnrnmlu. 

('aihon. 

H\ ' 

■ ■ _ 1 

Sjt (Jr. ^ 

Mnltii»|y; 

I’Dlllt. 

Najjhtluiloiio 


03 7.7 

li.ir, 

0 078 

irc. 

Carbolic acid . j 

(V.ib.o 

* 7e> .7 

li-3 ! 

1 -o.^a ' 

42'’( '. 

Cresylic acid 

C,Hs() 

77 7H 

7 ♦ 

104 1 

33‘^C. 


The foregoing is a very brief summary of tbe })ro[)erlios ol 
creosote oils. Full information is to be found as regards the 
chemistry of the coal tar conijumiuls, in vol. ii. of Allen’s 
Commercial Organic Analysis. 'I’he above will scTve to show 
that these tar products arc largely combust il)le, and may bo 
burned in the same way and with the same ajiparntus as used 
for petroleum. 

The fuel oil of the Anglo-American Co is eriKh‘ oil di^prived 
of its more volatile constituents. Its sjieeitic gravity is 0»803 
to 0*910 at (iO^F., and the closed test flash j)oint is 22(F to 
250''C.,and the calorific value 19,0(10 to 10,800 IFTb.U. per lb. 

Blast furnace oil has a specific gravity of 0*088 ; shale oil 
creosote is .similar. Coal tar from ga.s works has a specific 
gravity A MO to 1*20, and is very comjile.x in composition. 
London ct^r contauis from 2*5 to H per cent, of ammoniacal 
liquor, 0 5 to 3-4 per cent, of light oils, 17 to 23 per cent, of 
creosote aad carbolic oils, 13 to 17 per cent, of anthracene oils, 
and 58 to 62 per cent, of pitch. 

The distillates from coal, bituminous shale and wood all 
contain more or les.s oxygenated bodies. Foal and .shale dis- 
tillates contain some nitrogenized bodies. J Petroleum, on the 
other hand, contains only hydrocarbons. " 

Shale tar h(is a specific gravity of 0 865 to 0 894 according to 
the method of retorting practised. It consists of a complex 
mixture tof hydrocarbon^ of the paraffin order ; of 

the olefin order C^H^, and of hydrocarbons with 

some oxygenated bodies. , o 

About thirty gallons of oil can be distilled from each ton of 
shale. 



CHAPTER III 


THE ( IIEMISTUY OF TEXAS PETROLEUM 

I N Bnlktin No, 4 the Chemical Laboratory of (he University 
of Texas, T)r. E. Everhart ^avc the results of an examin- 
ation of tlio Nacogdoches oil, the analysis liaving been made 
by Mr. P, H. Fitzhugh. The re{>ort says — 

“ The oil has a brownish-red colour. The odour is peculiar, 
but not so otTensivo as the crude petroleum of Pennsylvania. 
At ordinary temperature the oil is mobile, but not so much so 
as ordinary petroleum. Submitted to extreme cold, the oil 
still retains its licpiidity, but becomes less mob'le. The tejiipera- 
turo of the oil was reduced to less than zero (Fahrenheit) 
without it losing its llowing cpialities. 

“ At no temperature attainable in the laboratory by artificial 
means could any solid paraffin be separated. I’he oil docs not 
gum on exposure to the air. It is not adapted to the produc- 
tion of illuminating oil ; its value consists in its use as a 
lubricant. 

“ About four pounds of oil was subjected to distillation over 
the naked flame in a retort connected with pro}>cr cofidensers. 
The temperature was carried up to fiSO^F. At intervals of 
45° each distillate was removed and its weight determined. 
The results of the distillation were as follows — 


Analysis of Nacoj loches Oil, 


Bolow 300°F 

30(f to 345“F. . . . 

345° to 390°F. . . . 

435° to 480°F. . . . 

480°«to 525°F. . . . 

625° to 615°F. . . . 

615° to G80°F. . . . 

tReniaiiii^g in the retort 


Per cent, bv weight. 
. 0'04 

. 0-37 

1-38 
. 314 

. 6-26 
. 


5-63 

7403 


“ The above figures show that the crude petroleum is practi- 

I 48 
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cally free from naphtha, which distils off below 250°F. Four 
pounds of this oil carried to a tompomture 50° higher yielded 
only a few drops of a light oil, amounting to 0-04 per cent, of 
the fotal amount taken. In the IVnnsylvania crude petrolcynn 
the illuminating oil como.s off between 250° and 500°F., and, 
on an average, amounts to about 55 per cent. The Nacog- 
• doehes petroleum between the same degrees of temperature 
yields ‘only a little over 7 per cent. Three-fourths of the oil 
does not boil until a temperature above the boiling point of 
mercury is reached. Above 400”F. and (‘ven lower the dis- 
tillate not pure white, but is somewhat coloured. This 
•colour dt^pens on exposur<‘ to the atmospliere. The distillate 
^ exhibits fluorescence. 

“ Thede'nsity at r)2 () \\ is That of IVnnsylvania oil 

is usually about 0‘71)1 to The co-eflicient of expansion 

is 0-025G8.’’ 


Properties of Petroleum. 

W. B. Phillips, Ph.l)., of the University of Texas, says — 
In weight (sjX'cific gravity), taking vatiT as 1.000, it varies 
from 050, as in certain oils from Koudako, Russia, to 1,020, 
as in the oil from the island of Zante. The rang(‘ is, however, 
for the most part, between 770 and 040. A gallon of crude 
petroleum will vary from 0*41 pounds to 7 *8:1 janinds for the 
United States gallon, and from 7*20 to 0 40 pounds for the 
Imperial gallon. Exclusive of the. barrel, the 40 gallons, or- 
dinarily spoken of as a barrel of oil, will weigh from 200’22 
pounds 328 80 pounds. 

“ Witln’cgard toils flow, crude petroleum may be quite mobile, 
as in the light-coloured varieties, or (piite visc\d, as in the black 
varieties. iThe temperature at which it becomes solid ranges 
from 82°F., as in oil from Burma, to several degrees below z('ro. 
The flash-point (the lowest temperature at which inflammable 
vapours are given off) varies from below zero, in certain oils 
from Italy, Sumatra, etc., to 370°F. in oils from the Gold Coast, 
Africa. The ordinary range of the flaslj -point, however, does 
not show such extreme limits.” 

For oils whose flash-point lies below 60°F. ih% specific 
gravity raiiges from 771 to 899, the average being 838. On 
the other hand, the oils whose flash-points are above the boiling- 
point of water have a range of specific gravity from 921 to l,f)00, 
the average being 959. It is remarkable that a Roumanian oil 
with a flash-point of 34®F. should have had a spec.i|Ic gravity 
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of 899. As a general rule low specific gravity accompanies a low 
flash-point. In none of the examples examined, whose flash 
pointwasabovetheboiling-pointof water, did the specific gravity 
fall^ below 921, the average lK*ing 9,59. There is a cIobo 'con- 
nection between specific gravity and flash-point, for the presence 
of lighter oils, which arc given off at a low temperature and are 
more inflammable, tends to reduce the wc'ight of the oil as* 
compared with water. I’liis is not always so. • 

The boiling-point of crude petroleum varies from ISO'F. 
with certain Pennsylvania oils, to 3.'1« F. with oil from Hanover, 
Germany. The point at which oils become solid vartes from 
82”F. with oil from Burma, to below zero with oil fftmi Ital/ 
and Sumatra. / 

The content of carbon varies from 79-5 per cent, to 88*7 
per cent. ; of hydrog(‘n from 9 (5 per cent, to 14 8 per cent. ; of 
sulphur from 0‘07 ptT cent, to above 2 00 per cent., and in rare 
eases oven above 3'00 per cent. ; of nitrogen from 0 ()08 per cent, 
to 1-10 per cent. 

Hydrocarbons of the olefin .s(‘ric‘s occur in nearly all ktnds of 
petroleum, but are specially eharaeteristie of Russian })etroleum 
from Baku. 

Mabory has shown that tlu' distillate from Beaumont yil 
coming over bet ween 20(5'' and 275 F., gav(' ii \ droearbons of the 
acetylene and benzine series, and the sam(‘ was true of the 
distillate coming over between 31 F and 320'' F. He also found 
this oil to contain 2*10 per cent, of sulphur and more than 
BOO per cent, of nitrogen. 

There is no hard and fast line' of demarcation. The chemical 
properties shade into each other, and only a general statement 
can be made that the oils from Pennsylvania falb into the 
paraffin series and the Russian into the olefin seizes, while 
the Beaumont oil is a third class distinguished by the presence 
of members of the acetylene and benzine groups.. 

Bituminous coal contains much less carbon and hydrogen 
and much more oxygen than petroleum. Anthracite coal 
has about the same amount of carbon as petroleum, but much 
less hydrogen and oxygen. 
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Mr. E. H. Eamshaw made an analysis of Corsicana oil, 
• ns follows : — 


, ^ Analysis of Petroleum from Corsiaina, ^Pcxas, 




1 lVroo»(. i 


Fnici MiiH. 
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S]\ Or. at 

'f. 

Hy Vol. 

Hv 
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2 HO 
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00()53 
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iumf 3r)(F 

S 20 

7 44 1 

0-7r)27 
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.-{.■io' 10(F 

0 m 

H-7:. 1 

0-77JH 

F 
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0-792() 
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Yellow. .1 i 
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1 40 

1 0:1 

0-9009 
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; 2 (i:t 



• Total 


07 90 

. 9H04 



Mr. Thi('K‘'s remarks on the oil were as follows — 

‘‘ I'lie oil is very dark brown and ojiacjuo, but (bin and fluid 
at G0°F. The specific gravity at GO' F. is 0 8292. 1'hc oil is 
closely related to the oil from Washington district, IVnn., but 
contains asphaltum or bodies .similar to it. 

“ Nacogdoches oil is heavy, specific gravity 0'915. The 
colour black, and there is much sulj)hur(‘tted hydrogen. 

“ Oil from Saratoga, Hardin county, is heavier, the sjiecifio 
gravity fieing 0 995. It is black and rich in asplialtuni. 

“ Oil from Sour Lake, Hardin county, has a specific gravity 
of 0*963, and analyses as follows — 


Analysis of Petroleum from Sour IaiJcc, Hardin County ^ Texas, 


Fractious. 

Tornpcroluru 

F. 

Per cent, 
by Vol. 

Spccilu- 

(Jruvjty. 

Colour, etc. 

1 

2 

2 12' *200^ 

0-07 


Yellow 

3 

200 -320" 

0-03 


Yellow • 

^ J 

.320'^ -392^ 

i-sR 

0-084 

Yellow 

5 

392^-572^ 

19-49 

0-840 ' 

Yellow ; blue fluorescence 

6 



1 

• 

7 

572°-641® 

5-15 

0-782 

Dark yellow * 

Residue . 


71-11 

0-978 

Black 

Total . 


97-44 j 


1 

• 
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In the Journal of the Society of Chemical Industry, vol. xix., 
No. 2, February 28, 1900, Mr. Clifford Richardson lias the 
following — * ^ • 

Corsicana Oil. 


Specific gravity, C8°F. 

Bauino 

Flasii 

Volatile, 212" P. 

Volatile 32 t"F., 7 hours 
Volatile 339"F., .'i hours 


0-8457 

35-6 (about) , 

Ordinary toniporature. 

10- 8 per cent, (naphtha). 
35-7 

11 - 2 


Total 57-7 

Residue, after iu‘atiiig to 323°F., flows readily at 68°F., 
appears to contain paraffin. After heating to 399‘^F. residue 
has a quick flow at 77'"F. 


Sour Lake Oil. , 

Spccihc gravity, 08°F. . . . 0-0458 

Baum 6 ISO 

Flasli 244"F. 

Volatile, 212®F 22 8 (water with trace of wl) 

Volatile, 324®F., 7 hours . . . 12 0 

Volatile, :hM)°F., .5 hours . . . 14-4 

Total 40-8 

Residue tifter heating to 32 1'F. flows readily at 70°F. After 
heating to 399”F., residue flows readily at 77‘^F. 

The specific gnivity of Corsicana petroleum is a little greater 
than that from near Dudley, Noble county, Ohio, cO-8457 to 
0-8333. 

Distilled under ordinary pressure, without particular pre- 
cautions to prevent cracking, Mr. Thiele found— 


Sp. Or. 

Na[)htha, 10-8 per cent 0-710 

Kerosene, 54 5 per cent 0-796 

Residue, 34-7 [)er cent 0-905 


Twcfiity grams of the oil, heated for seven hours in an air 
bath at various temperatures in a crystallizing dish 2J inches 
in diameter by 1 J inches high, left a residue of 43-3 per cent., 
which flewed readily at 77''F. Tlio residuum resembles that 
from Pennsylvania and Ohio petroleum, and apparently con- 
taii\s paraffin scale. It is to a certain extent asphaltic. The 
crude, when distilled under a pressure of 1 inch of mercury, 
vpktilized 51-2 per cent, at a temperature of 366°F., but began 
to craok^’’ Ohio oil did not begin to “ crack ” until 455®F, 
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; at atmospheric pressure ; but the Sour Lake oil broke up at the 
same point as did the Corsicana. It is, therefore, a less stable 
oil than eastern petroleums. 

The* Sour Lake oil is a very heavy crude petroleum, 18 b, 
and corresponds in many respi'cts with some of the heavier 
California oils of Summerland and Los Angt‘les in appearance 
• and properties. It il ashes at a low point for such a heavy 
oil, 


Properties oj mrious Petroleums. 


• The fallowing table is takcai from Sadtler's Industrial Organic 
I Chemistry — 
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Dr. \V. II. Harj)or, Professor of Chemistry in the University 
of Texas, gives an analysis of a sample of Corsicana oil — 

Colour, very dark brown, almost black ; oi)a(]\io except in 
thin layers ; greenish ilnore.sccaicc. 

Viscosity, not determined, but the oil very mobile at 32° F. 

Sediment, none. 

Wate#, none. 

FIaslv»point, 73°F. 

Specific gravity at 63'5°F., 0-8580, equivalent to 33° Baum6. 

• 

Calorific CajKicity of Petroleum. 

The B.Th.U. in petroleum vary from 17,000 to 20,000, one 
experiment giving 20,110. The value taken in Texas is 
18,500 B.Th.U., or 10,277 calories. The scientific pfvestiga- 
tion of the co^ls, etc., used there, with respect to their heat 
units, has not progressed very far ; but it is not thought that, 
on the aYcrage, the B.ThfU. in the coals will be abcfve 12,600, 
if indeed above 10,800, and are taken, for the present, at 1 1,700. 
For the lignites a lower value must be taken, and for the paesent 
this will be 9,900. 

Some of the Alabama coals have 13,500 B.T|i.U. ; good 
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McAl^tcr coal (Indian Territory) may be taken at the same ; 
New Mexico coal at 12,000 ; and lignite at 0,900. On thft basis 
one barrel of orude petrokmm, weighing 320 lb. net. would, be 
e([U^valent to 438 lb. of Alabama coal, and the same alnount 
of McAlester coal, 403 lb. of New Mexico coal, and 598 lb. of 
lignite. A ton, 2,000 lb., of Alabama coal would then be 
equivalent to 4*50 barrels of petroleum ; a ton of McAJcster 
coal to 4-56 barrels ; a ton of New Mexico coal to 4*06 barrels ; 
and a ton of lignite to 3*34 barrels. Tn other words, from 
3J to 4J barrels contain as many heat units as a ton of t^e best 
coals and lignites of American Southern States. 

Experiments made in California with a view to tcs*ting the 
relative value of the California oil and the coal with which it ' 
comes into competition, showed that a ton of Nanaimo coal, 
giving 12,031 B.Th.U., was equivalent to a minimum oil 
consumption of 3*45 barrels and a maximum consumption of 
3*87 barrels. Experiments on Texas petroleum showed it to 
have 19,160 heat units, and this would be equivalent tq 4*29 
barrels per ton of Indian Territory coal. In Russia the usual 
equivalent is 3*12 barrels per ton of coal. 

There is considerable variation in the quality of coal, and 
these differenees are often observable in coal from the minc^ 
due, perhaps, to careles.sness in mining and handling, and to the 
absence of rigid inspection. In countries whi‘re coal is sold 
on the basis of heat units these discre[)ancies are less. Varia- 
tions in tlie quality of oil from the same well are by no means 
so marked as in the case of coal from the same mine. The 
practice of piping ditlerent oil into the same storage tanks 
tends to advance uniformity. 

The value of oil as compared with coal varies with tliS^ nature 
of the work to be done. It has been observed that in puddling 
and steel-heating furnaces 2.J barrels of Los Angeles oil were 
equivalent to 2,000 pounds of Wellington coal frc«n British 
Columbia, while for steaming purposes it took three barrels of 
the oil for one ton of the coal. In some establishments in Los 
Angeles the proportion rose to 3*62 bands per ton ; in others, 
to 3*10.^ On the Southern Pacific Railway it has been found 
that four barrels of California oil were equivalent to one ton 
of Nanaimo, British Columbia, coal. The low'est Consumption of 
oil per toq of coal that has been foupd is 2J barrels, while the 
highest is 4 barrels. In a general way, from 3 J to 4 bam^ls of oil 
should be equivalent to a ton (2,000 pounds) of good soft coal. 
The fewer figures may be reduced under good practice and 
management and the best appliances to 3| barrels ; while under 
bad managq.ucnt, etc., the higher figure may reach 4} barrels. 
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Advantages of Liquid Fuds. 

The Advantages to be derived from the use of liquid fuel are — 

1 .• Diminished loss of heat up the funnel (or chimney )» owing 
to the clean condition in which the boiler tubes can be kept, 
and to the smaller amount of airwhieli has to pass through the 

• combustion-chamber for a given fuel oonsumjition. 

2. A more equal distribution of heat in the combustion- 
chamber, as the doors do not have to be ojjened, and a htgher 
efticiency is obtained ; unequal strains on the boiler tubes, etc., 
due to ^ndue heating, arc also avoided. 

• 3. No •danger of having dirty fires on a hard run. 

^ 4. A reduction in the cost of handling fuel. 

6. No firing tools or grate-bars are necessary ; consequently 
the furnace lining, brickwork, etc., last longer. 

6. Absence of dust, ashes and clinkers. 

7. Petroleum does not deteriorate on storing, w'hile coal does, 
especially soft coal. This opinion is not universal, however. 

8. Ease with w hich the fire can be regulated from a low to a 
most intense heat in a short time. 

9. Lessening of the amount of manual labour in stoking. 

10. Oreat increase of steaming capacity, the ditference being 
as much as 35 per cent, in favour of oil. 

11. The absence of sulphur or other impurities, and longer 
life to plates, etc. ; but considering the fact that the amount 
of sulphur in some of the oils now lieing u>ed as fiK’l is in excess 
of the sulphur in ordinary coals, this [mint is not w^ell taken. 
Sulphur is objectionable in any fuel, whethcT coal or oil, and 
of the two may be more objectionable in oil than in coal, for a 
[lortion ^f the sulphur in coal remains in the ashes, and is not 
consum^. 

If crude petroleum, or the residue from refining plants, into 
come intense on a large scale as fu(‘l, there arc some consider- 
ations that must be weighed, in addition to its fuel value, viz., 
its initial price, f.o.b. tanks or wells, transportation charges, 
and the like. 

Profiting by the experiences in California and elsewhere in the 
use of oil for fuel, many industrial establishments id Texas 
changed from ioal to oil. Among the first was the American 
Brewery, Houston, with two 200 li.p. and two 350 h.p. 
boilers, ffhe oil was th(f residue from the refinin| plant at 
Corsicana, and it was estimated that 75 barrels a day would 
be required, as the coal consumption was about 25 tons a^day. 
After running for a while, it was stated that Ae steaming 
capacity of the two 200 h.p. boilers using oil wwf equivalent 
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to that of tho two 350 h.p. boilers using coal, and the saving 
of oil was about 33 per cent. The Star Flour Mills, Galj^eston, 
installed oil l)umers in April, 1901, using about 35 barrels a 
day for a 350 h.p. engine. « * 

The first locomotive equipped for burning oil was delivered 
to the Gulf, Beaumont and Kansas City Railway, June 20, 
1901 , and belonged to the Gulf, Colorado and Santa Fe Railway. 
Up to the time of its reaching Beaumont it had travelled 450 
miles, and consumed 42 barrels of oil, the tank having this 
ea[)acity. The Southern Pacific Railway burns oil west of El 
Paso. • 


Tests of Texas Oil Efficiency. 

A report by TVofe.ssor Denton states that the number of 
barrels of oil equivalent to 2,240 pounds of coal was 4*23 for 
one h.p. [)er about twenty square feet of heating surface, and 
4*12 for one h.p. per 10 square feet of heating surface ; and it 
appears that the average con.sumption of oil per ton of coal is 
four barrels, and that under some conditions this falls to 3*50 
barrels. There may be consuiiK'rs who use evTn less than this, 
but it is not thought that they represent the average practice. 

Beaumont oil was used to operate a boiler at tho plant of the 
West Side Hygeia Ice Company, West 19th Street, N.Y. City. 
Tlu're were thn'c return tubular boilers, each 6 feet in diameter 
and 18 feet long, containing about 1,900 square feet of heating 
surface, two being used at a time to provide about 180 boiler 
h.p. from buekwlieat coal, with natural draught under a very 
steady load throughout each 24 hours. One of these boilers 
was htted for the tests with tho Williams Oil Burner. 

Effect of the Oil on the Boiler and Furnace^ 

After the steam-raising test, the boiler was operated 24 hours 
with oil, to use up all that remain of the 117 barrels provided 
for the evaporative test. It was then cooled, and the oil-burning 
apparatus removed to prepare the furnace for coal tests. The 
boiler and furnace were then examined. No trace was found 
of any Action of the oil on the boiler. There was no oily matter 
on the internal brickwork, nor any discolouratiqri of the latter, 
and tliere was Ie.<is than ,.’4 of an inch of soot in the tubes, 
which hats been swept clear of ashes at the beginnjpg of the 
use of tho oil. 

The tests with oil were made at from 112 h.p. to 220 h.p. 
The boiler \t‘as 0 feet in diameter and 18 feet long of thehori- 
Komtal return tube type. It had 100 tubes 24 inches in diameter, 
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and a grate surface of 45s5 square feet, i.e. 6 feet 6 inches by 
7 feet 0 inches. Height of chimney, 70 feet high by 42 inches 
square. The resume of the tests is as follows — 

• • 

Resume of Tests with lumimont Crude Oil. • 


* Duration, houi*s .... 

1 3-r> 

8 

I 

13 

11 

Horse power 

Util) 

122-7 

189 7 

1380 

220-1 

Steam pressure (gauge), lb.. 

87 

80 

80 

80 

80 

Feed temperature, dogs. F. 
Chimney temperature, d('gs. 

(il)° ! 

90° 

70° 

90° 

74° 

F. . • 

374° 

300° 

398° 1 

370° 

42,5° 

Quality o^ steam .... 
Oil per hour per sq. ft. of 

dry 

dry 

dry 1 

dry 

! 

dry 

heating surface, lb. . 

Dry steam ])er hour, from 
and at 212° per sq. ft. of 

0181 

0-135 

0-220 

0 003 

0-263 

heating surface, 11 >. . 

Heating surface perh.p., .sq. 

2-73 : 

2 09 

3-52 

2 50 

4-08 

ft 

Total dry steam per lb. of 
fuel as fired from and at 

12(i 

10.5 

9-8 

13 -5 

8-46 

212°F., lb 

Per cent, of steam us('d by 

15-29 

1.5 53 

15.55 

15-71 

15-49 

burner 

Net lb. of dry steam per lb. 
of fuel fired from and at 

3C%! 

^ i 
i 

31 Vo 

4-H% 

•» /O 

4-8% 

212°F 

14-74 I 

1505 

,14 80 1 

15-10 

14-75 


Other figures are as follows — 

Dimensions and Proportions. 


Grate surface, sq. ft 45-5 

Water heating siu'faco ^ 

Posi^on of damper Wide open 

Area of opening of ash pits, sq. ft I 

• Average Pressures. 

Steam pressure, by gauge, lb 86-f» 

Draught pressure, inclies of water 0-37 

Average Temperatures^ Fahr. 

Fire room i 

Feed water entering boiler 74 -C 

Chimney galbe 42 

, • Fud. • 

Weight of fuel as fired, lb 6,39£ 


Steam. 


• > 


Quality of steam 


dry 
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Water. 

Total wei^^ht of water f<?d to boiler, lb 7(f,798 

Factor of ovaporatioo 1-18() 

Equivalent water evaporated into diy steam from and • 

• at 212“F 83,542 

Economic Results. 

FtMid water per lb. of fuel as firc'd, lb 13-^3 

Equivalent evaporation from and at 212°F. per lb, of 

fuel as fired, lb 15-49 

Equivalent evaporation from and at 212°F. per lb. of 

eombustible, lb l«6-49 

E/ficiency. * 

Eflieienoy of b(»iler and furnace, or hf‘at per lb. of fuel as 

fired, divided by calorific value }u*r lb. of fuel . 78-5% 

Efbeieruy of boiler, or heat absorbed by Iwilor, ]>er lb. of 
combustible, divided by calorific value per lb, of 
combustible 78-5% 

Hourly Quantities. 

Fuel ivs fired per hour, lb 400-3 

Fuel as fired per hour per sq. foot of j;rate, lb. . . 10-78 

( , ’om bust ible per hour per sq. foot of heal mg surface, lb, 0-2()3 

Horse Power. *' 

Jfoi'si' powiT at 31-5 lb. from and at 212^’ . , , . 220-1 

H('at mg surfa(*e per hors<‘ power, sq. fi'ct .... 8-45 

Compositions of Pud. 

IVr (ont. 

Carbon 85 03 

Hydrogen 12-30 

Oxygen and nitrogen 0-92 

Sul[)hur •1-75 

Heal Balance. * 

M.TIi.U. 

Utilized in production of steam • 14.963 

Due to combustion of hydrogen 1,245 

Wasted in sui)erheating water products .... 113 

Wasted in dry chimney gases 1 -837 

Radiation and imperfect combustion 902 

Hwt jier lb. of fuel as fired, by calorimeter . . . 19,060 
Heat ]»er lb. of combustible, by calorimeter . . 19,060 

• 

The weight of oil per gallon was 7*06 pounds, or 322 pounds 
per barref'of 42 American gallons of 231 cubic inches^ The net 
evaporation, per pound of oil. from and at 212®F., was 16*1 
pounds ; per pound of Pennsylvania bituminous coal, in the 
bt«t boiler^ at 10 square feet of heating surface per h.p. is 
9*5 pounds^ of the semi-bituminous coals, such as Pocahontas, 
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New River, Cumberland and (’learfield, it is 10*0 pounds, which 
may be increased to 10*5 and 11 pounds by mechanical stokers, 
or smoke-preventing devices. 

IVfifesBor Denton calculates the coni[>arative costs of oil ayd 
coal as follows — 

Price of coal jH>r ton Ktjuiv. j»ric<* of oil per biUTi*l. 

of 2.240 lb. .,1 42 


^.00 

4/- 

. . . . $0.21^ 

1/21 

i.no 

O'- . . . . 

. . . . 0.13 

l/lli 

2.00 = 

-s/- .... 

. . . . 0.50 

2 1 

2.50 

10/- . . . . 

. . . . 0.71 

2/lli 

3.^0 

12/- .... 

. . . . O.S5 

3 'OJ 

3.r4) 

14/- .... 

. . . . 0.00 

4/11 

4.00 

-10/- .... 

. . . . 1.13 

4/81 

4.50 

^18/- .... 

. . . . 1.2K. 

5/4 


These figures apjily to hitiiminoiis coals mined west of Ohio. 
In compari.son with small sizes of anthracite, JMtlsburg bitu- 
minous and Maryland and West Virginia st^mi-bituminous coals, 
and most or all British coals, oil must be sold at a less ])rice, 
inasmuch as these fuels are of a better quality than Western 
and kSouth-Wcst(‘rn coals. 

Eva pom ( i ve I) a / // . 

Professor Denton’s results show that the n(‘t {‘vajioration 
ranged from 14 74 to 15* 10 pounds of water per pound of oil, 
the h.p. varying from 112 to 220 and the burner steam con- 
sumption from 3 1 to 4 8 per cent, of the boiler output. The 
boiler utilized about 78 per cent, of the heat of the fuel, which 
may be considered th(^ best average boiler practice. It is also 
to be observed tliat the results in actual practice showed that 
98 per cenf. of the total heat of combu.stion of the oil, as deter- 
mined by the calorimeter, was accounted for by the steam pro- 
duction, The chimney ga.ses and a rea.sonable allowance for 
radiation. Profcs.sor Denton thinks that for a higher horse- 
power a net evaporation of 14 8 pounds of water is the best 
economy that can be expected from the use of oil os fuel with 
steam jet burners. This may be contrasted w ith 1 1'79 pounds 
yielded by excellent No. 1 buckwheat coal. 

Considering the objections that have been raised against the 
use of crude oil,^n account of its content of sulphur, it may be 
said that many excellent steam coals caiTy from 1-5 to 2 per cent 
of sulphur^ and that the average life of a boiler dexis Aot seem 
to be impaired by their use. The amount of sulphur in the oil 
used by Professor Denton was 1 63 per cent. Allowing that a 
coal contains 1*7 per cent., an oil would have to con^in 2 6 per 
cent, in order to put as much sulphur into the produqts of com- 
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bustion as the coal, equal horse-powers being assumed. It has 
been ascertained that the use of coal carrying morq than 3 
per cent, of sulpliur does not cause any greater depreciation of 
fire-boxes, etc., than a coal of 1*7 per cent, of sulphur^ arid the 
siflphur equivalent in oil corresponding to 3 per cent, in coal is 
above 0 per cent. 'J'lic objections to the use of crude oil, based 
on its 8ulf)hur content, do not appear to be well founded, in so 
far, at least, as concerns the integrity of fire-boxes, ctef. Pro- 
bably sulphur firoducts arc only seriously harmful when cooled 
to moisture poitit. 

The inflammability of crude oil has been the subject f)f critical 
investigation. TIkto was no inflammable vapour*given off 
below 142 F. in Professor Denton’s experiments ; and he doe|» 
not think that a pool of oil in a boiler room would become 
ignited from a lighted match or from the drop})ing of a live coal 
into it. It is also stat(‘d that a surplus of oil at the burner gave 
rise merely to a tfnek smoke ; there was no explosion or excess 
of pressure. 

On(' more point of a most important nature was broifght out 
by the t(‘st. It was not a new point, for other tests have estab- 
lislu'd tin* fact, and it is well known to those who study the 
ecotiomi(‘s of fuel consumption. It is the comparative efficiency 
of oil and coal r(‘f(*tTed to th<‘ heat balanee. * 


Oil. I Coal. 


Utili/.i'il in production of steam. 

n Th r. 

It.tMWi 

Orrci'llt 

7H 5 

H Th 1 

S,030 

M 

71-4 

Evaporation of moisturo in find and 
duo to comhuHtion of hydrogt'u . 

1,245 ! 

65 

277 

2-3 

Wtwstod in anporhoating water pro- 
ducta 

113 

00 

f 

23 

0-2 

Wasted in dry ehimnev gases . 

1,S37 

9-7 

1,9^1 

10-4 

Wasted in uneonsumod carbon in ash 

-- 


708 

6-3 

Radiation and imporfoet combustion 

tM>2 

4-7 

• 415 

3-4 

Heat por pound of fuel as tired, by 
calorimeter 

19,000 

1000 

12,100 

100 0 

Heat por ])ound of combustible, by ! 
calorimeter *. 

19.000 

— 

14,080 

— 


This table shows that more heat units were given off by the 
oil than corresponded with the total number of heat units 
in the ct>al, and that the percentage of heat units used was 
78*5 of those in the oil, as against 71*4 of those in the coal ; 
in qther words the oil was more efficient than coal. The saving 
of the heaf ordinarily wasted in dry chimney gases is especially 
noleworth^y, for the oil shows a waste of 9*7 per cent., as against 
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16‘4 for the coal. In comparison with coal yielding 12,100 
B.Th.U^per pound as fired, and 14,080 per pound of combustible, 
there is a decided economy in the use of crude oil under the 
conditions maintained in tiiia lest. 

That returns from consumers of oil show a difIeronc(^ \)f 
43 ^r cent. (i.e. from 3-5 to 5) in the number of barrels of oil 
equivalent to a ton of good soft coal, is evidence that ordinary 
experidhcc cannot be relied on to afiord anything more than a 
rough approximation. If the ordinary steam installations 
were provided with smoke-preventing devices and mechanical 
stokers, Tt is very probable that the economy in the use of oil 
would ndt be so pronounced. 

% If all the economics possible in the use of the solid fuels 
were maintained, the comparison between these and oil would 
not be so strongly in favour of the latter. WIumi smoke- 
preventing appliance.s are i?istalled alone or in eonn(‘ction with 
mechanical stoking more particularl}^ a saving of more than 
20 per cent, ha.s been regularly obtained, with ordinary coals. 
It is to be doubted whether ordinary practice with solid fuels 
has attained its maximum economy. Establishments where 
great attention is paid to all possible economies in fuel consump- 
tion form the exceptions. 

We may allow that the heat units in oil are more (‘asily avail- 
able for steam-raising purposes than the heat units in coal, and 
that, per unit of heating power, we get better results from oil 
than from coal. When we have once ascertained what- we can 
get from the oil, we can calculate the relative advantages in 
the use of the two. It is, after all. a matter of cost, and each 
particular installation must be coii.sid(‘rcd on its meriU. 

* Mexican Oil. 

Mexico is now' a large producfT of oil. Mexican Fuel Oil 
has the following cdiaracteristics 

Sp. gr., about 0-95 at F. 

Flash point, over 150^ F. (open). 

Viscosity, about 1,500 secs, at 100° (Redwood No. 1), 

Calorific Value, 18,750 B.Th.U. 

Sulphur, 3-5 per cent. 



CHAPTER IV 


TIIK CHKMirAL AND OTHER PROPERTIES OF PETROLEUM 


I N a work of this description a deep study of the chemistry 
of liquid fuels is not necessary. Eor fuller information 
on pelrolcum ehemisiry the works of Sir Bo vert on Redwood 
may be studied. 

Petroleum is a mixture of a series of hydrocarbons of the 
following types — 


2 . 

ii! 

4 . 

r>. 

6 . 

7. 


t’ntp’urj Methane Series, 
r,jr.,n Olefin Seri(N. 

>• -4 

„ .fl Benzene Series. 

tt -H 

»> -10 


Those named occur in the greatest quantity and most fre- 
quently, The first is a light gas in the form CH 4 , and as the 
values of „ in each series grow larger, the members of the various 
series become liquid and finally solid. 

Thus of the first or Methane .series the first four are gaseous, 
Methane, p]thane, Propane, and Butane. Series 1 * is liquid 
when „ ~ f) to 25. Above „ = 25, the solids begin anthgenerally 
in all the series a higher value of „ implies a higher boiling 
point, and this rises with some regularity from ,, := 3 i 0 , by about 
20 °C. “ 30''F. for each additional carbon atom. Hence the ease 
with which fractional distillation can be carried on, the light oils 
(gasoline, ect.) distilling off up to 150T., the illuminating oils 
up to 300^0., and the residuum being fuel oil, which still con- 
tains fhe lubricating oils. 

Dr. Paul, in discussing AydoiPs paper, suggtsted that liquid 
fuel had an advantage over solid fuel to the extent of 6,000 
B.Th.U. per pound, which he claimed as the latent heat of 
liquefaction, but this is elsewhere shown to be nearer the latent 
heal of evaporation of carbon, while the latent heat of lique- 
faction is scarcely credited wth more than 5 per cent, extra 
calorific power, and, as pointed out by Mr. C. E. D, Orde, the 
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ombe calorimeter does not show anything like Dr. Paulas 
Bgure. Jt is also probable that when carbon and hydrogen of 
ihe liquid hydrocarbons united, they produced heat which more 
Jhan Counterbalances the effect of the latent heat of liquefaction. 
B^deed, methane gas, is known to protiuce, when burn^l, 
wery much less heat than calculation would a})pear to indicate. 
iiAcetylene, on the contrary, produces more heat than calculable, 
[being ftidothermic. 

Wafer in OiL 

• 

Fuel oi] and water do not readily separate. They do not 
differ much in specific gravity, and oil is so viscous that the 
globules of water caimot force their way out of it. But oil is 
rendered more liquid by heat ; it expands more than water, 
and separation is better effected by heating the oil. This is 
best done locally near the surface of the oil in the bunker, so 
that the heated oil is at once drawn off lor use, and h<'at is not 
wasted, in raising the temperature of the whole bunker. 

The heat value of oil is reduced 13*14 B.Th.U. for each one 
per cent, of water. 

Thus 1 pound of oil worth is, S3 1 B.Th.U. mi.xed with 10 
p^ cent, of water, gives a mixturt' the value of which per 
pound is (18,831 x 0*0)- 131*4 - lfi,81(>*,^) B.Th.U., a differ- 
ence of 1,015*0 il.Th.U., or a loss of nearly two pounds of 
evaporation from and at 212 F. Water also reduces the fiamo 
temperature, lengthens t he tlame and moves the point of highest 
tem{x?raturc further along thofiues, and so diminishes the values 
of the heating surface. Mr. Orde lays down the conditions 
which show perfect combustion as an o])aque dazzling whito 
flame for six inche.s from the nozzle, becoming semi-trnnsjiarent 
and alntflst violet in colour at middle length, shading off to 
red at the end. With water mixed in, tin; violet colour does 
not appear^see chapter on iSmokc) and the flame becomes dark 
red and smoke-fringed. He states that at a temperature of 
140°F. OOX*. it required seven days to separate ihe water 
completely in a tank of oil. Hence the use of a surface float 
as in Fig. 14a. , 

His figures for the calorific value of various oils, as found by 
the calorimeter? are as follows, and show a practical identity 
of value in all, as may bq expected from their chen^cal com- 


position—® 

Borneo 18,831 B.Th.U^ 

Texas 19,242 « „ 

Caucasus 18,011 „ 

Burma 18.864 ■ „ 
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According to Pclouze and Cahours, there are thirty different 
hydrocarbons in petroleum, principally of the type/)„H2„+2* 
For „ ™ 1 and ^ = 2 the substance is a gas. For „ 3 the 

boiling point is O^’C. ~ 32*"^ For„=r6 the liquid •is ’very 
volatile, the lightest isolated by the above chemists being CaHij, 
boiling at SO^'C. ™ 77°F. The fuel oils commence at CgHis, 
and go on to CiflH32, beyond which C20U42 to CasHss arc semi-* 
solid. The point of ebullition rises 20 0. SG'^F. fdr each 
increment of carbon from CsHir, which boils at 117° — 242*6®F. 
to 197T. - 38()'0°F. for ; and 257°C — 494'6°F. 

for C15H32. Similarly the specilic gravity increases continually, 
though loss regularly, than the boiling point from €511,2, for 
which it is 0’G3, to (^slLo, for which it is 0*83. The densitji 
of the hydrocarbon vapours relative to air arc 0*5 for a™ 1 
to 7*5 for „ -rr 15, or a growth of 0 5 for each grade. 

The Russian oils do not follow the same empirical composi- 
tion as the American, but belong rather to the ethylene scries 
0„Hj„ and the isomers, and to the benzene series C,.1L„.8, 
of which benzene C®Hn, is the characteristic member. In 
“cracking” the oils during distillation even lower forms are 
found : ; C„1 which occur in the residues of 

distillation. Water may exist in the proportion of 6 per ceyt. 
for Baku oil to 10 per cent, for Borneo, but mineral matter is 
always small, and ash scarcely exceeds 0*3 to 0*4 per cent., but 
is an undesirable constituent for an engine, causing cylinder 
scoring. 

By “ cracking,” the distilled licpiid becomes more and more 
stable, and the final residue is a mere coke. 

Petroleum distils more easily when superheated steam is 
blown through the still while below the “ crackmg ” point. 
The effect is peculiar to steam and cannot be securciwith air. 
It appears to be a sort of solution of the petroleum by the 
steam, and Mr. Bcrtin, of the French Marine MUitaire, con- 
siders that this affords an explanation of the superior power 
of steam in atomizing liquid fuel. A study of distillation 
shows three sorts of petroleum suitable for fuel, 

•(A) Natural oils which have parted with their volatile 
portions under the influence of sun and air and become 
natural mazut, 

Borneo oil which flashes at 100°C. = 212°F. is directly 
employed as fuel, and Texas oil appears to possess little 
^ other value than as fuel. 

(B) Distillation residues, or mazut, which result from 
boihng off all the more volatile portions. 
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(C) American distillcKl oils aa per page 44. These oils 
are rery homogeneous and regular, but they emit in- 
flammable vapours below the temperature's at which they 
b6il.« ^ 

The Physical Properties of Petroleum. 

• These have already been |)artly (rt'ated of under the previous 
head, but it may be added tliat in common with all hydro- 
carbons and fats, petroleum and othcT liquid fuels Ix'comemore 
fluid and lose much of their viscidity when heated. 'J’heir 
fluidity in^eases rapidly with heat. Hence the better atomiza- 
tion possiUe with heated oils. Tests at (’herbourg on mazut 
ai ditTerent temperatures show that flow of oil through an orifice 
of annular form half a millimetre wide was as follows in cubic 
centimetres j)er minute — 

TtMiijx'rature . . . .‘l.’i'’ 70° 100® 

Flow 2 5 (>.') .‘12 JKH 400 

With water at Ifft'., llu' flow was 4,300 e.(‘m. 

Mazuf is easily luxated, its specitie heat btang 0*42. 

Petroleum has a ra])id expansion coeflieient, as much as 
0*0007 [)(*r degree Centigrade. This helps it to rid itself of 
wat^T because, by heating the (ol, both its sp. gr. and its re- 
sistance are r(‘duced, and Nvater can the mor<‘ (‘asily gravitate 
out. 

Though petroleum has been suj)pos(‘d to be unaffected by 
storag(‘, mazut changes when expos(*d to air (‘V(‘n more rapidly 
than coal, according to Bertin, losing its fluidity and parting 
with some of its calorific power ; experiment seems to be want- 
ing in regard to such change.s faking [ilace in closed tanks and 
not exposed to air. Any loss that may have been experienced 
may perluips be attributed to a gradual evaporation of lighter 
oils still remaining. The lighter oils do posses-s the highe.st 
calorific capaaity, and their los.s would therefore to some extent 
reduce the calorific capacity of the residue. 

In Rus.sia the sp. gr. of oil for steam raising purposes at 
17*5°C. ~ 63*5°F. must not exceed 911 to 912, and oil must 
contain no water, sand or alkali. When ri*ceivcd the tempera- 
ture must not exceed - - 122"’F. and the flash point must 
be above 140^ oi 150"C. == 284^ to 302°F. 

Certain railroad.s stipulate a den.sity of 905 to 915 aj 14^R. 
~ 63-5°F. •There is no viscosity clause. 

The Navigation Co. Caucase Mercurc ask for a density of 
926. The Russian Navy accepts a flash point of 100°C. =i212‘ii\ 
and a density of 950. In America the minimum flash point of 
200®F. is usual == 93-3®C. 
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Water in Oil 

To detennino the water q the density d is found of tl!e sample. 
After heating for some time at 103°C. = 217'5°F. the density 
is again found — dj. The quantity of water q is determined 
by this relation (1 — </) dj -f ^ — d. 

The coefficient of expansion per degree C. is assumed to be 
O’ 0007 35 O' 000408 per degree F. 


Materials. 

• 

In the utilization of fuels for steam-raising it is mecessary to 
have a knowledge more or less full of tlie whole of the materials 
which will be employed either as fui‘ls or structurally. Some- 
thing must also bo known of the environment in which such 
substances will be employed. 

A list of substances with which the engineer will be required 
to deal therefore includes, besid(‘s the fuel itself, air, water, 
cast-iron, steel, fire-brick, etc. • 

The conditions include the ordinary atmospheric tempera- 
tures and moisture, the pressure of the atmosphere, and so on. 

The units in which ideas are expressed must also bo clear. 

With this object separate sections have been given to* the 
subjects of Water, Air, and Heat in its various forms, to carbon 
and liydrogen, the only two practicable fuels. A few notes 
are given below concerning some of the other materials. 

Cast-iron cannot be employed in the furnace, for it is rapidly 
destroyed by the action of fire, even when not directly in the 
flame. It should not bo employed in the retort in which to 
heat and to gasify even the light-burning oils. Ca^-iron tubes 
have been tried for this purpose, and have been found to become 
choked by a deposit of carbon, w'hich may probably be duo 
to some affinity between the carbon in the iron aj^d that in the 
oil. 

Cast-iron should never be employed as a material for any 
vessel exposed to internal pressure. 


' Steel 

Steel is par excellence the material for aK parts of boilers. 
Like qast-iron, it will not withstand furnace temperatures 
except when backed by water, as in the case of the plates of a 
boiler. 

oteel tpbes only in. thick are employed by Clarkson as 
the retort coil in which paraffin is vaporized. These coils are 
in the z6ne of flame, and vaporize the oil on its way to ' 
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fc ^ne^ which they surround. They possess a fair durability 
ing to ithe heat absorbing power of the vaporizing liquid, 
iuid they are found to keep free of carbon deposit. 

• • 

Fire-Bricks. • 

; The most important material for tlio furnace engineer is 
fire-clay, a material which is found beneath seams of coal. 

In a properly-set boiler for coal burning the whole interior 
of the furnace and combustion chamber will be more or less 
fluxed and run partially into drops or stalactites, which hang 
from projtfcting edges. With liquid fuel, fire-brick is a most 
necessary material for promoting combustion. It is a bad 
conductor of heat, and has the property of resisting high 
temperatures known as refractoriness. High furnace tcm}>cra- 
tures will render even many firc'-elays licpiid at the surface. 

Ordinary firc-elays contain 58 to 02 per cent, of silica, 30 to 
38 per cent, of alumina, and from 1 to 3 per cent . of ferric oxide. 
A large content of silica denotes a good and refractory brick. 
Dowhfls fire-brick contains 071 |K'r cent, of silica and less 
than 2 per cent, of alumina, the remainder being oxide of iron, 
with a trace of lime and magnesia. 

Canister, which is so much used in steel work, contains 80 
per cent, of silica, 5.J of alumina, 2| of iron oxide, and 2J per 
cent, of material which is lost in burning. 

A brick used in Franco is made from diatomaceous earth 
which is nearly [)ure silica. These French bricks are very 
porous and light, and wlien dry will float in water. 

The best fire-clay comes from Stourbridge and Newcastle 
in England, Glenboig in Scotland, and Dinas in W'ales. 

Makers «f fire-brick supply a great variety of shapes, and 
blocks ca^ be had for seating purposes or for furnace work, 
notably for over-fire arches and combustion chambers. 

Fire-bricks ^re also made for threading on water tubes, so 
os to build up refractory walls upon water tul)es for the purpose 
of securing the correct direction of gases and for promoting 
perfect combustion and smokelessness. It is said that car- 
borundum is very refractory indeed, and that when finely 
powdered and made into a paint with soluble glass or silicate 
of soda, and painted on bricks, it will greatly assist in their 
preservation. Or the bricks may be (hpped in the solution. 
The carbonyidum surface i^ then most refractory. 

Too little attention is paid by engineers to the fire-bricks 
they use, and heavy expenses are incurred in maintaining 
furnaces, expenses quite needless if proper attention is paid 
to the selection of the bricks. • 
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When a furnace is to be repaired bricks are often purchased 
from the nearest wliarf, where they have lain e^jposed to 
weather for weeks. In their water-saturated condition they 
jiro built into the furnace and exposed to the full hea^, With the 
result tliat the interior of the bricks is disintegrated and the 
bricks split up at once. 

When a fire-brick is made it should bo fired at a tempera- 
ture as high as that to which it will be exposed Vhen at 
work. 

Tlie composition of bricks has a great influence upon their 
durability in certain surroundings. A silica brick Will run like 
treacle in e(‘rtain surroundings, and an alumina brtek will fail 
in others, but a brick of alumina is as refractory as one of sili^ia 
— inde(‘d, more so as regards its ability to withstand high 
teinperatuns. 

Having seemred the right kind of }>rick, a sutficient supply 
ought to be k(‘pt in store to enabh* Hkmu to become dry before 
use. Wh(‘u built into place, a slow lire' only must be made and 
the heat got up gradually, so as to allow the brick's to dry 
thoroughly before b<‘ing highly heated. Wlusi a boiler is laid 
off from work it should b(‘ eloscd up completely by shutting 
the damp(‘rs and leaving the boiler and its brickwork to.cool 
as slowly as possible. 

The most troubl(‘.soin(' detail of a furnace is the arching 
over the lire of a wat(‘r tube boiler. Th(‘ usual form of water 
tube boiler is very smoky, and to cure this furnace must be 
covered by a brick arch, and a capacious combustion chamber 
must be ('inployed b(‘yond this, .so that the furnace gases and 
the air admitted above the fire may become well mixed and 
burned at a high temperature. Even with the befit of bricks 
these arches arc' apt to fail when first lired, the face of the bricks 
dropping olT. 

Messrs, E, and J. Pearson, of Stourbridge, make a special 
brick fur these wide flat arches, and supply a special cement 
for use in putting them together. The cement is easily fluxed 
by heat, and cements the whole surface of the arch into a solid 
fact?, so that pieces of the brick cannot fall out. In time the 
whole arch welds into a solid mass. 

Such an arch ought to bo built of properly-shaped bricks. 
If plain rectangular bricks are used the arch pressure becomes 
concentrated upon the intrados'; and tends to *flake off the 
bricks and deprive the arch of its sustaining power. The 
l)Hcks should be of taper form so that they fit close in the arch. 
What are known as blocks are used for these arches and for 
similar purposes, and the above fire-brick manufacturers make 
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ipeoial arch blocks with a tongue and groove joint for better 
security. * 

In the formation of all important fire-clay bltx‘ks that will be 
exposed to stress, as is an arch, it is of serious importance thaf 
the clay bo properly pugged into the mould. It is bad practice 
to put a block of clay into the mould and put it under mechani- 
cal pressure so as to force it to fill the mould. When this 
pressure method is followed the plastic clay N\ill be internally 
fractured. Shearing planes are developed which form planes 
of cleavaga or fracture. The movement may be very slight, 
but lines o{ weakness wiW be develojied and the homogeneous 
continuity of the mass of the clay will be di'.sl roved. When 
bUrnt, the adiiesion along these planes (»f weakness will bo 
imjH'rfeet and when at \\ork such a block will fail. 

A really good arch should last a year if built from a firm 
springing. The thrust of an arch is considerable and must all 
be taken by the side walls, whi(‘h. not as a rul(‘ carrying the 
weight of the boiler, may not b(‘ very stable, and it is desirable 
to tie them down to the foundation by through vcTtieal bolts, 
so as to form a stitT unyielding .support for the arch springing. 

The subj(‘ct of firi“-bri<‘k is one that has not b(‘(‘n much 
stutCed by engiiuvrs. Steel melters and otlua’s who deal with 
high temperatures have paid attention to the (luestion. The 
burning of coal for steam raising ])urpo.ses has, however, been 
so invariably carried out at comparativ(*ly low temp(‘raturcs 
that the importanc(‘ of fire-brick has not been pereeiva d. AVhen 
a steam engineer begins to experience trouble with his furnace 
side wall lining lie casts about him for some mearrs of meeting 
that troubl^, and his efforts may take the shape of a water box. 
High temm‘rature he regards, when it occurs, as a disagreeable 
incident, fb be checked and avoided. If he understood com- 
bustion he would welcome the f<*mperature as a means of 
securing more perfect combustion, and would endeavour to 
meet the trouble by the provision of suitable fire-brick. 

The high temperatures obtainable with oil fuel bring the 
fire-brick problem into greater prominence, and direct attention 
to this most important material. * 

Some fire-brickg in a very hot furnace will soften and melt 
away under long sustained heat. Others, more refractory or 
infusible, crack and split up imder sudden temperature cRanges. 
A good bricic becomes surface glazed, but the body remains 
rough and porous. A granular natuie and po ous structure 
are considered essential, and fire-bricks are not made df all new 
clay. Old bricks are granulated and mixed up with» the new 
clay, so that the necessary texture is secured. 
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Fire-cJay is a mixture of silica and alumina in vay^ing pro- 
portions, each constituent possessing its own peculiar charac- 
teristics. Usually silica exists in the proportions of .about 
#wo-thirds to one-third of alumina. The presence of alkaline 
matter is prejudicial and induces fluxing. Thus lime is in- 
tensely refractory of itself, and so is magnesia, but both of the^e 
infusible substances fuse easily with silica, as also dp oxides 
of iron, soda, potash and other alkalies. These impurities of 
fire-clays must be avoided. Mixing two clays of good quality 
will not necessarily prove a success. • 

Silica, if otherwise pure, gives perhaps the most refractory 
bricks, and certain French fire-bricks arc made from infusorial 
earth which consists of the minute siliceous shells of the diatoni- 
accfe. These French bricks, when dry, will float ui water, their 
specific gravity being under 1,000, owing to the numerous 
voids and i)ore.s, but they are very tender and do not stand 
well at the fire-grate level, where a tougher and harder brick is 
necessary. The Dinas bricks of South Wales are very siliceous, 
but are liable to split up if suddenly cooled, and are therefore 
somewhat unsuitable for hand-fired furnaces, but should be 
excellent for meehanieally-stoked furnaces with self-cleaning 
grates. Probably the best boiler furnace brick is one high in 
silica, yet containing a fair proportion of alumina and free from 
alkalies. Such a brick combines infusibility and toughness 
for puddling furnaces, coke ovens, gas retorts and other high 
temperature uses, and it must be remembered that the kind 
of furnace advised by the author for bituminous fuel com- 
bustion, and ado[)ted from sheer necessity with liquid fuel, is 
expo.sed to temperatures more re.sembling those of n^^tallurgical 
furnaces than the starved temperatures of the common un- 
scientifically set steam boiler. 

A sample of the clay from the Glenboig Star Mine, as analysed 
by Edward Riley, F.C.S., after calcination, gave the following 
results — 


Silica 65*41 

' Titanic acid 1-33 

Alumina . 30-55 

Peroxide of iron 1*70 

lj*mo 0-69 

MaRiiosia « 0-64 

Potash and soda O' 55 


« 100*87 

Sir Fr^erick Abel analysed a Glenboig brick, at the Royal 
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^Iwenal, Woolwich, as follows. The brick was taken from 
atock — • 

Per cent. 

02-50 

Alumina 34 00 

Iron peroxide 2-70 

Alkalies, loss, etc 0-80 


100-00 

Mere analysis, however, does not tell everything. For 
instance, iii this last analysis the silica and alumina were largely 
in chemicifl combination, and this is more valuable than the 
mere mechanical combination of the constituents. 

To make a good brick the clay must be suitably weathered 
80 that any iron nodules may separate out. The clay is ren- 
dered smoother and more solid for articles requiring such 
qualities, as seating blocks ; for high temperatures, porosity 
is given by the addition of old bricks. 

All defects of sha]>e are produced in the drying stove after 
moulding. Stoving is therefore a most important operation, 
and a brick must be practically dry before firing, which is 
gentle at first until the bricks are hot and i)crfectly dried out. 
Then the kiln is put on to full fire, and the temperature must bo 
maintained until the bricks cease to shrink. A brick which 
has not been fired at a full tenq^rature will shrink further if 
put to work at a higher temperature. The total shrink from 
the moulded size is about 8| per cent, of the bulk, or about 2 
per cent, linear measure. In any case no shrinkage should 
remain in a brick, or it will shrink when put to work and pull 
the brickwork in j)iece8. 

Professor Abel, F.R.C., gave various analyses of fire-clays 
as per the annexed table, from which the excellence of Stour- 
bridge and ttlenboig bricks is plainly evident in the small 
percentage of alkalies. 


Description of Firo-clay, 

Silica. 

Aluinina. 

Iron 

Peroxide. 

Alkalies, 
Loss, etc. 

Kilmarnock . 


69-10 

35-76 

2-50 

2*64 

Stourbridge . 


6.5-05 

26-59 

5-71 

205 



67-00 

25-80 

4-90 

2-30 



«6-47 

2626 

6-33 

• 0-64 

• 

»> • 


58-48 

3578 

3-02 

0*72 


63-40 

31 70 

3-00 

i*9a 

6-0(f 

Newcastle 


69-80 

27-30 

6-90 

» • 


63-50 

27 60 

6-40 *: 

0-60 

Qlenboig 


62-50 

34 00 

2-70 , 

0-80 
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For the following miscellaneous information the author is 
indebted to tlic GIcnboig Company— • 


Shapo and Siro, 


1,000 Stpifti'o llriokrt . 
1,000 . . 
1,000 „ . . 
1,000 End or Side Aivli 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 


(Cupola . 
Eiip Jlricks 


Sooiu' lOockM . 
('niWM or H(nmrt‘ 


OiK' inch MillnuctrcM 25 h <)i 


, Weight. 


Inches. 

9x-Ux3 = 
Ox 4.1x2^ -= 
0x4|x2|- 
0 X 4 1 X 3 and 2 
l)A45x2Jand 1| 
0v.|^x3 and 2| 
0x4J and 3x3'* 
0x3 x2i-; 
0'.21v2]- 
0x4.1 X 2 = 
0: 4.^ <1U= 

0 o' : 3 - 


Tons. 

4 

. 3 

3* 

2| 

3! 

3| 

2 

1! 

2! 

2 


t* Ton Kilogiainnu‘H 1,010. 


Miscellaneous Weights and Measurements. 

STACKKl) Loo'll:. 

1,000 0 in. '• 4.^ in. x2.| in. IK) cnl). ft. 

1,000 0 in. in. <3 in. * 3 in. = 80 cul). ft ' 

IJUn.T WITH MKK ( I. W. 

1 M(]uar<' yard 0 in. work r(‘(jnir(s: — 

109 bricks 0 in. ■ 1^ in. x 2^ in. and 2 cuts, ground (iro clay, or 02 bricks 
0 in. \ 1.1 in. x3 in. and 1^’ (uvt.s. ground lirt'-clay. 

A rod {Kngli>.ii) of Itrick 11.^ cult. yd.s. 

A rood (Scotcli) of brick-- 10 cub. yds. 

FOR TAVINO. 

1 yard superficial ro(|uires 10 tiles 0 in. x9 in. ^ 

IH tile.s 12 in. xO in. x 2 in. ^ 

32 bricjvs 0 in. x4J in. \3 in, laid flat. 

48 bricks 0 in. x4.] in. x3 in. laid on edge. 

One 0 inch x4J in. x3 in. ^ 0 lb. * 
nj cub. ft. bIock.s™l ton. 

334 bricks — 1 load. 

1,500 to 2,000 — 1 railway truck. 

3,100 to 3,200 9 in. x4J x2J in. bricks = 1 railway tnick (Continental) 
» fi to 8 tons ground fire-clay — 1 railway truck. 

8 bags ground clay — 1 ton. 

3 casks ground clay — 1 ton. » 

21 cub. ft. of dry ground fire-clay, finnly packed = 1 ton. 
l^ro-clay suffers no dcteriorati6n of cpiality fmnj rain. 

For shipment it is packed in barrels or bags. 

I The usual shipping size of fire-brick is 0 in. x 4^ in. x 2| in. 

The Glenboig Company make special silica bricks from 
English (ihalk flints; they weigh 2 tons 12 cwt. per 1000, 
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9 in. X 4| in., x 2J in. They also make a highly refractory 
brick ffom Gartcosh clay, which analyses as below, according 
to \y. Wallace and Jno. Clark, Ph.l)., F.t.’.S., etc. — 

Cor potit. 


Silica (51 00 

Titanic acid 2 09 

Aliiinina H2-34 

Vcroxide of iron 3-02 

Limo 0 37 

Magnesia 0-20 

Pc^tasli 0 0(5 

Soda 0 30 


100 2,S 

The proportion of alkalies is thus small and tlie brick is 
solid and has small shrinkage from the mould and weighs IIU 
pounds per cubic foot. The ganister bricks of th(‘ Comj)any, 
which arc made from what app(\ars to be a soft sandstone, 
analy!*e as below — 


Silica 

ST 0(5 

7M0 

Titanic acid 

Trac^' 

0-20 

Alumina ! 

11-21 

22-32 

Oxide of ir()n 

0-00 

2-2H 

Limo 

Traci' 

0-IH 

Magnesia 

Trju-n 

0-31 

Potash 

(1 (51 


Soda 

0 33 

0-3S 


i 91) 93 

100-90 


JL 


Bricks for Oil-lircd Furnaces. 

Where Uticks are applied to oil-tired furnace.s th(^ intense 
local heat of the oil furnace of course burns the brickwork 
away in time, or rather melts it on the surface immediately 
in contact with the flame, causing it to run down and hang in 
the form of stalactites, but it takes a considerable time k) wear 
through nine inches of brickwork, and the cost of the bricks 
is more than eftnpensated for in the increased eflicieney of the 
furnace. • • 

It is often the case that furnaces and combustion chambers 
lined with fire-brick come to grief through being badly i)uilt 
rather than from the bad quality of the bricks used ; at the 
same time, good work will not make up for bad bj’icks. The 
usual type of liquid fuel furnace for kilns is as shown in the 
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annexed illustration, Fig. 1, the burner being so set that the 
fuel in vaporized form is more or less concentrated in thd centre 
arch at x. The consequence is that the intense hea^ is 
localized and the brickwork runs down into slag. Various 
methods have been tried to get over the difficulty — one is to 
cover the grate with broken fire-brick, or coke,but this was not 
altogether successful. Another idea is to protect the, piers * 




Fik 1. 


of the arches with bricks piled up loosely in semicircular form, 
with the concave side facing the burner, stacking them with a 
space between, and crossing the open sj^aec with another row 
of bricks, as shown in plan, Fig. 2, thus distributing the heat 
over a largo area of brick surface. , 

The bricks would melt after a time, but they could be raked 
out and a fresh lot put in, and the arches would be saved con- 
siderably. 



Fig. 2. 


In the case of over-fire arches, Fig. 3, for wa4er tube boilers 
having atwide span, the best type of biick to use is what is 
known by the name of the Bullheaa or End-wedge, •as shown 
in Fjg. 4, or the special bricks of Fig. 6. 

In all ca^s fire-bricks should be set with as little jointing 
material as possible, and for arches the bricks should be speci- 
ally made tb work to the desired radius. Any attempt to use 
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Fig, 3. 


ordinary rectangular bricks is fatal. The pressure becomes 
concentrate on the underside of the arch, as in Fig. 0, and the 
mass has no rigidity — bricks begin to fall out and the arch is 
ruined. 

The bricks should be set with finely ground fire-clay made 
up with water to the consistency of thick paint, Tl^e brick 
should be dipped in this, and then rubbed into contact with its 
neighbours. • 

Fire-clay is made up iitfo specially shaped bricks #nd lumps 
for different purposes, and bricks and blocks can be made to 
meet the special requirements in furnace work, but une<j^ually 
proportioned lumps must be avoided on account of internal 
stresses, fire-clay having its limitations in this respect, as ex- 
plained above, just as cast-iron has The best pl&n is to con- 
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suit a reputable maker. The most usual course is to decide 
on all other points of construction and make the bJst job 
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possible on wliab are ^]f(‘nerally considered incidentals, such as 
furnac(i linings, whereas by taking the limitations of a necessary 
material into consideration in the iirst place, much expense and 

trouble may bo saved. 

Uood fire-bricks ^lould 
I have sharp angles, and 
metallic ring on 
\ being rubbed together, 

y j I I'hey should be kept some 

1 — i time before use in a dry 

place. Bricks sodden with 

rain and heated up quickly 

spHiKcea will tend to burst. 

Fig. .X Various substances hav- 

ing been suggested as sub- 
stitutes for fire-brick, it may not be out of place to say 
something as to the varieties of fire clay goods. * 

The following is the classification generally adoptea-* 

[ »Silic«H)us firo-elay goods. 

II AUimiiious ,, „ • 

III ArgilhM*«‘ou.s ,, „ 

IV' Crtrbouiferous „ „ 


Nos. I and TI are the 
most gquerally used. 

No. IV is a mixture 
of carbon and clay, the 
carbon being in a crys- 
tallized state as used 
for ajc lamps, etc., or 
amorphous graphite, Fig. e. 

the latter being used 

for the manufacture of crucibles, etc. Carbon blocks^ have 
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been suggested, but, apart from the excessive cost, the carbon 
combines with any free oxygen in the furnace gases and is 
consumed. 

N?). U. A mixture containing a greater portion of alumina 
than pure clay. This also is too costly for general use. * 

IJme is sometimes used as furnace lining for elect ric'al kilns 
• and will withstand the intense heat of the voltaic arc, but as it 
retain^ the property of being hydrated in air, its use is neces- 
sarily very limited. This class of fire-clay goods is known as 
basic. 

Silicedus fire-clay goods are composed almost exclusively of 
silica. • 

« Argillaceous fire-clay goods are composed of silica and alumina, 
and arc next in degree of refractoriness to aluminous goods. 

It should be borne in mind that the foregoing are each 
adapted to particular purposes, and the pro])er admixture of 
clays for any desired purpose is a matter tliat only long ex|)eri- 
ence and scientific knowledge can determine, the physical as 
well as the chemical properties of clay having to be taken into 
account. 


Siloxicon. 

A very refractory material is Siloxieon, a product of the 
electric furnace, consisting of carbon, silicon and oxygcai formed 
at a temperature of 4,000® to 5,000 K., and therefore very 
refractory at ordinary temperatures. It is a loos(4y coherent 
mass as formed and is ground to pass a 40 ^ si(‘vc. It is an 
amor})hous grey-green compound wlum cold, becoming light 
yellow ^ 300®F. It is insoluble in molten iron, neutral to 
acid and basic slag, indifferent to all save liydrofluoric acid, 
and is ffnattacked by hot alkaline solutions. Jt is formed into 
bricks by simple pressure, when damp, and fired. It is neutral 
to clays anS will not oxidize, and appear likely to form a valu- 
able furnace lining where oil fuel Is employed. 
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Carbon. 

C ARBON is an clement which has the following properties. 
Its atomic weight is 12 and it is tetra valent in chemistry. 
It is found free in nature in vaiious forms, but is usually 
considered to exist only in three allotropic modifications, viz. — 

(1) The Diamond, which is practically pure crystallized 
carbon. 

(2) Graphite, not entirely amorphou.s. 

(3) Charcoal, an amorphous substance, is considered to 
include all other forms of carbon. « 

The following figures give the values of the various forms 
of carbon in calorific value or heat absorption — 

COMBUSTION. 


State ol 1 or 1 kilo, of Carbon. 

1 Proiluct of 
j Coinbustion. 

Calories 
per kilo. 

B.Th.U. 
por jKiund. 

Diamond 

CO 

2,175 

f3,915 

,, 

COa 

7,859 

14,146 

Graphite 

GOa 

7,900 

1^,222 

Amorphous 

VO 

2,453 

4,416 

t. 1 

COa 

8,1.37 • 

14,647 

Ideal Gasc<»us 

(^O 

6,084 +e 

10,232+8 

» I 

CO3 

1 1,370 +e 

20,463 +6 

2 | pta. of CO por jiart of C. . . | 

1 COa 

6,683 

10,231 


0 

HKAT ABSORBED BY METAMORPHIC CONVERSION*. 

• 


Diamond.* .... 

. to 

Vapouf 

3,608 

6,316 

Graphite .... 


ff 

3,468 

i 6,241 

Amorphous .... 


„ 

3,231 

6,817 

Diankind 


Graphite 

41-6 

74-7 

»» . 


Amorphous 

277 0 

499*0 

Graphite .... 


It 

236*7 

424-3 
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The above figures are calculated from the determinations 
by Berthelot of the heat of combustion and formation of the 
molecule (see TJiermochimie, par M. Berthclot, Paris, 1897). 

Except that these figures point the lessons that form apd 
state are dependent upon heat, apparent or latent, no further 
interest centres on the erj^stalline nKxlifiealion of carbon, 
•which is too scarce to employ as a commercial fuel. 

Th(f first oxidation of ordinary carbon ^^i(h one atom of 
oxygen to CO produces 4415 B.Th.U.=:2, tr)3 cal. per pound 
and per kilogram res))ectivel 3 ^ 

The sScond oxidation produces a further 10,231 B.Th.U.:- 
5,084 caft The total heat produced by conn>lete combustion 
Js thus 14,647 B.Th.U.^S, 137 cal. 

The difTerence (5,084-2,453) between the two oxidations 
is 5,817 B.Th.U.-” 3,iI3I cal., and Berthelot considers that this 
difference is less than the lat(‘nt heat of vaporizing carbon by 
some unknown amount. In the absence of a knowledge of 
what it amounts to, it is usual to say that the {bffcrencc is the 
latent *Iicat of va])orizing carbon, just as 9(>7 is the latent heat 
of steam. 

In order to liquefy, carbon must absorb heat, but free liquid 
carbon is unknown. Solid carbon burns directly to dioxide 
gas without going thn)ugh the intermediate liquid state, 
exactly tis a piece of ice will disappear in a dry cold wind below 
freezing temperature without passing through the intermediate 
state of water. The liquid state is not imperative, and carbon 
is only found liquid when combined with other substances. 
It forms a liquid with sulphur as carbon bisulphide CS^. It 
is liquid with hydrogen and oxygen in alcohol, and it is liquid 
with hydrogen alone in the many hydrocarbons with which we 
are at^present concerned. By so much as the liquid form 
already represents heat rendered latent in reducing a solid to a 
liquid, by ^ust so much should liquid fmd possess a greater 
calorific value per unit of its contained carbon than a similar 
weight of solid fuel. The same argument applies with equal 
force to the hydrogen, but to some extent conversely. The 
calorific capacity of hydrogen is given in terms of the gaa 
burned as gas. In solid coal the hydrogen is part of a com- 
pound solid, a%d it is scarcely correct to calculate the calorific 
capacity of a solid fuel in terms of its hydrogen at ^as value, 
for undoubtedly heat is Absorbed in rendering the hydrogen 
gaseous from its solid combined state in coal. Similarlv, in 
liquid fuel the hydrogen is in liquid form and must be gaafied. 
It is possible that the benefit derived from the liqilidity of the 
carbon is neutralized by the liquidity of the hydrogen. 
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The properties of carbon are summarized in the following 
table — e 


PitorKUTiES OF Carbon. 


Atomic weight 

Specific licrtt 

Heat of combustion per kilo, to 

„ ,, ,, ,, pound to (‘Oo . 

Teinperftttiro of vaporization 

„ „ combustion to ('() 

In air 

In oxygen 

Air reipiiri'd to burn 1 unit to (*() 

Oxygen „ „ I • . 

M M „ 1 „ „ OOj . . 

Air „ ,, 1 ,, „ ('<)_. . 

Tomporaturo of ooinlmstion to ('()_, 

In air 

In oxygen 

Heat of combiiHtion to (JO 

per [)ound 

per kilo 

Weight of vapour per cubic mefn' (ideal) 


12 

0 lKIS to 0 285 

H, i;{7eal. - 32,285 RTh.U. ’ 

11,047 O/rii.C. cal. 

3,000°C.=-0,512^F. 

I. 485T. 2.705’^\ 

4.2;>2'(\ -7,757"F. 

5-707 ' 

1 •;{;{ 1 
2 007 

1 1 50 1 

2.75:F('. hOHS^F. 

I0,22<r(\ IS.MO’F. 

4.115 H.'Hi.F. 1,1 12 cal. 
2,153 eal. -- 0.733 H.'J'li.U. 

I 072 k. 0 00000 per cubic 
hiot. 


The atoniie weif^ht of carbon being 12 and that of o.xvgen 10, 
the formula for carbon monoxide r - ('(’) ((‘11s that th(‘r(‘ are 12 
parts of weight by carbon in each 2S])arts of the gas. Hence 
1 pound of carbon unites with Ijftounds of oxygen to produce 
2J pounds (»f gas. 

When burned to dioxide - (X)j there are 12 parts of carbon 
to each 32 parts of oxygen, and 1 part of carhon unites with 
23 parts of oxygt'n to produce 33 parts of gas. •• 

As oxygen Ls not available for combustion except in^lieform 
of air, and as it is not desired to produce CO, the essential 
figures to rcmeinbcr are that each unit weight of carli^on demands 
a minimum of nearly 110 units of air. 

In the foregoing table (he temjxTatures arc those calculated 
on the assumption that tlie specific heat of the gases produced 
remains the same at all temperatures and that combustion is 
comph'te. Neither assumption represents actual facts, for the 
process of combustion is delayed as temperature rises, and 
even if it were not, the specific heat increases and holds back 
the temperature. Since in practic(5 there are so m&ny effects 
of dilution, the calculation of total heat can be correctly done 
on basis of constant specific heat. If a final temperature of 
great intensity is found, a correction can always be applied 
after.all calculation has been made. 
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The various figures given in this book differ soinewhat from 
lany praviously accepted figurt's, owing tofhcprogn^ss of the 
cienco of thermo-chemist rv. The iigures given herein are 
hose*gi\1'n by Berthelot in his work, Thermochimie, 1897. * 

Carbon burned to CO or directly to COj does so with simple 
incandescence. No flame is produced. Carbonic oxide CO, 
Itowcver, ijf formed by the burning of carbon with insiiflicicnt 
air, wilf burn with a blue flame if provided with air. 

The hydrocarbon gases burn with a reddish, a yellow, or a 
white flame, according to siirro\indings and temperature, tho 
flame consisting of glowing carbon in an atmosphere of hot gas. 

* Hydrogen. 

•Hydrogen shares with carbon the monopoly of the term fuel, 
for there are no commercial fiu'ls except carbon and hydrogi'U 
or their joint comj)ounds. Hydrogen is a gas. Jls atomic 
weight is 1, and being the lightest known ckanent, it serves 
as the unit of atomic comparison. 

Its physical ai\d other properties are as follows— 

Atomic weight und (l(•u^ity . . 1 


SpociUc hout. Ctiiistuot vol. 

2 4140 


,, ,, prossuro 

Weight por lito' 

tin 


0-0Kt»ni gram.s 

--0 OOOOHOk. 

„ ,, ouhi(^ foot 

O-nn.'').')^ pound 

0 0(12530 k. 

Cubic feet jkt pound 

ns sij ,^,,0011 

1 htr(‘H. 

Litres per kilogrum .... 

11.100 :h)4 ir 

onliie foot. 

Ifoat of combustion p(T kilo, j f 

lU.r, no cal. i: 

0,900 H.Tfi.lJ. 

,, ,, pound ('ro<r(\ 1 

02.100ihTh.r 

^ 15,050 cal. 

,, nultio foot j 112 L. I 

317 il.Th.r. 

87-45 cal. 

M ,, litro 1 1 

3-OlM cal. -12 

204 n:vh,v. 

Specific gravity, water 1 .... 

0 0714 wlion h 

nn'li(‘d. 

Point of valorization 

33° ubs. C. 00 fd>s. F. 

„ fn^^zing or licjucfaction . 

10-7° aim. C. - 

30° abs. F. 

Temperature of combu^tlon — 



(nominal) in oxygen 

(‘.,702 02 

202 F. 

• „ air . . . 

2,513 (’. 4,5 

51°F. 

Ratio of air required to burn 1 unit weight 

31-7H5 


„ „ ,, 1 unit vol. 

2 39 


„ „ „ oxygon weight . 

K'OO 


„ ,, oxygen vol. . 

0-50 


Heat of corabu-stion ^jer kilo, (result in 


• 

vapour) 

20, 150 cal. =*1 

15,431 ILTh.U. 

Heat of combastior<|)cr i>ound (rcsjult in 



vapour) 

• 

52,290 H.Th.l 

-13J77cal. 


The heat of combustion of hydrogen is 62,100 B.Th.U. 
pound. This assumes that the products of combipition are 
rejected in a liquid state. In furnace work, however, the gases 
of combustion always leave at temperatures above lOO^C., 
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and consequently the gases carry off with them the latent heat 
of evaporation. This reduces the available heat fo 52,290 
B.Th.U. per pound, or 29,150 cal. per kilogram, or say 293 
B. Th.U. per cubic foot and 2*012 cal. per litre. This^act must 
bo borne in mind when calculating re.sults. 

Smoke I^rodcctiox. — Hydrogen ignites at a temperature 
below that necessary to ignite carbon. Its affinity foi;oxygeli 
is greater and, in preseiicci of an insufficient supply of air, the 
hydrogen of a hydrocarbon fuel will first secure its share of 
oxygen and the carbon will a[)pcar as soot. Sudden cooling 
of a liot hydrocarbon gas is also said to produce soot, but it is 
questionable if soot is really produced without a certain amount 
of combustion of the hydrogen. • 

The following table gives the temperature of ignition of a few 
of the hydrocarbon gases, according to Mayer and Munch — 


Marsfi gaH 

C'lL 


1,232'F. 

Kthano .... ... 


«l() (\ 

i.UTF. 

Propane 


r>4rc. 

1,01 7°F. 

Acetyli'ne 

(^.Ha 

580®O. 

1,076°F. 

Propylene 

CaHc 

604®C. 

1,004°F. 


Hydrogen bums with a transparent blue flame. Its com- 
pounds with carbon burn with a light-giving flame consisting of 
incandescent carbon particles carried in an atmosphere of gas. 

These liydrocarbons arc exceedingly numerous, and range 
from ga.ses of small density through every shade of liquid to 
solids like naphtiudene and paraffin wax. 

The percentage of carbon and hydrogen in a petroleum of 
any degree of refinement does not vary far from 84 of carbon 
and 16 of hydrogen, corresponding with a mean formula of 
CrHia 


Air. 


Oxygen being nceessary for combustion, there is only one 
source whence it can be obtained in large quantity, viz., the 
atmosphere. 

The atmosphere contains by volume — ^ 

20-81 vols. of oxygefi 1 . , . , 

79-10 „ „ nitrogen 1 to 3 8. ^ 


There are also small quantities of other gases, the principal 
of wnioh is carbon dioxide, CO 2 , present to the extent of only 
0*0004, and negligible for present purposes. 
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By weight the atmosphere contains — 

* ]r«tio 1 to 3 3106. 

76-85 ,» nitrogen/ 

• • • 

The mean atmosplierio pressure at soa-lcvcl is assumed by 
Rankine to be 14*704 pounds per square ineli, at a tempera! uro 
af 32"^^^ “ 0X\ The mercury barometer then stands at 
29*922 ftiches. At this pressure water boils at 212'T. lOOT. 
The metrical atmosphere also measured at 0''(\ is 700 mm. 
of mercurv column = 29*922 inches. At the ordinary t<‘m- 
perature oi 57*8'’F. the mercury barometer of 30" — 1 atmo- 
sphere, anfl at all ordinary temperature.s and for purposes of 
BU?am engineering it may be called 30 inches. 

Expressed in metric measures, one atmosphere is 1*0333 
kilos per square centimetre at Taris. 

A mercury column giving 14*704 at London will give 14*6967 
= 1*0333 kilos at Paris and 14*086 at New "^ork. 

The pressure and density of the atmosphere varies with the 
elevation above sea level, and may be thus calculated 
H™ 60,000 (l*477-log R), where 
R is the elevation in fi'ct above sea level ; 

H ip the barometric height in inches at elevation R, and 1*477 
= log 30. 

High elevation requires consideration in regard to the relative 
volume of air for furnace suj)ply. 

Air at all temperatures for purposes of furnace work behaves 
as a perfect gas. 

The weight of a cubic foot of dry air at 62^P\ is 532*5 grains. 
If saturated with moisture the weight is 529 grains. Ihe 
specific gftivity of air is 819 times less than water, and one 
pound o&air measures 13*140 cubic feet at 62^F. 

The standard barometric pressure of 1 atmosphere or 14*6967 
pound per square inch at Paris — 1*0333 k. per cm. is curiously 
approximate to 1 k. per cm 2 , or to 14*21 per square inch. 

Approximately 1 atmosphere is equal to a pressure of 1 k. 
per square centimetre. 

The density of air relative to hydrogen is 14*44, ita specific 
heat is 0*2375 at constant pressure, and 0*1686 at constant 
volume. One pc*nd of air measures 12*385 cubic feet at 0°C. 
=r32°F., and I cubic foot weighs 0*08073 pound. One^Jitre of 
air weighs 1*292743 grams at 0°C. and 760 mm. 

Oxygen, 

Oxygen is the active constituent of the atmosphere in pro- 
moting combustion. It combines with most elements to form 
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oxides with evolution of heat. The atomic weight of oxygen 
is 10 and it forms one stable oxide with liydrogen =xH 20 (see 
Water) and two oxides with carbon, viz. — 

• (1) Carbon monoxides or carbonic oxide C0, ’which 
contains 12 by weight of carbon and 10 by weight 
of oxygf'u, and 

(2) Carbonic acid or carbon dioxide =: CO,, containing 1:2 
by w(‘ight of carbon to 22 of oxygen. 

Th(‘ density of oxygcai is 10 ; its weight per cubic foot is 
0*()802() pound at 0 (!. 22 C. and 1 1-202 cubic feet weigh one 

pound. 

Its specific lieat at constant pressure is 0-217 and *at constant 
volume 0-1.*) 18. One litre of oxygen at OU. and 700 nvn. 
weighs 1-4202 grams. 

Nitroijen. 

This gas constitutes about four-fiftlis of the atmos{)here. 
It is a eolourless gas and very iiu-rt. Itdo(‘snot supp^ort com- 
bustion, but acts by dilution to re.^train its intensity and to 
reduce the ternperatun-. 

Its density is 14, specific heat -- 0-214 at constant pressure, 
and 0-172 at constant volume. It weighs 0-07845 per cubic 
foot and I pound (‘([uals 12-702 cubic feet. One litre of nitrogen 
weighs 1-2505 grams at 0 C. and 000 mm. 

The weight of nitrogen in the atmosphere is 2-22 times that 
of oxygi'ii. It is, therefore, the cairso of much dilution of the 
products of a furnace, and reduces the theoretical temperature 
of combustion to a figure much below that of combustion in 
oxygen. 

Water and Steam. 

Steam is produced by lu-ating water to such a temperature 
that the ela.stieity of the water vapour becomci. greater than 
the superincumbent air ])n‘ssure of about 14-7 pounds per 
sipiare inch at the level of the sea. (See. Air.) 

Pure water is not found in nature, but is clo.sely approximated 
in lain caught on hill-tops distant from towns, and in streams 
which How’ off thebari'en country associated w ith granitic rocks, 
the millstone grits, and certain other geological strata. Water 
is an v>xide of hytlrogen, and its^ chemical formula is H 2 O. It 
consists of 2 parts by weight of hydrogen to 16 parts of oxygen, 
and it is produced when hydrogen is burned, the combustion 
setting a large amount of heat. (See Hydrogen.) 

Wntcf is used as the unit point in many physical data. The 
specific gravity of all other substances is referred to that of 
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water as unity. So also is the specific heat of all other sub- 
stances, 8nd excepting hydrogen, the siH^citic heat of water is 
the hi^he.st of any known body. The amount of heat necessary 
to raise flie temperatuix' of 1 kilogram of water from t^'C. tb 
1°C. is called the great calorie or simply the calorie, the little 
caloric having rcfen'iice to the weight of one gram only, and 
being (ynployed by chemists and physicists. 

Similarly the heat necessary to raise the t(‘mperature of 
one pound of water from 32 V. to 33 F. is calk'd the British 
Thermal Unit or B.Th.U. Thus 1 calorie :3*U(>83 B.Th.U. 
and 1 B.Th.U. ~ 0*252 calorie. 

Weight. 

One gallon of pure distilled water at r>2^F. weighs 10 pounds 
by Act of ikirlianu'nt. The American or old wine gallon 
weighs 8j pounds and measures 231 cubic inches, as com- 
pared \with the British Imperial 10 lb. gallon of 277*479 cubic 
inches (Chaiu'y). One c\ibic decimetre of wat('r or 1 litre 
weighs, by Jaw, 1 kilogram, tla* kilo, being 2*204 pounds. 
Thus 1,000 k. w(‘igh very nearly 1 ton. 

A column of water 1 foot high exerts a prc'ssure at the base 
of 0*434 pounds ])er s<juare inch. Thus a j)r('ssure of 1 pound 
per square imdi represi'iits a column of 2*3 feet, lleiujc an 
atmosphere of pressure is e(pii valent to 33*8 feet of water 
column. 


Com pressihility. 

Water is nearly incompressibk', the coefficient at 0"C. ~ 
32" F. beiiig *000052, and at nearly 53 C. = 127'"F. 0*0000441. 

It is thus negligible. 


ExjKinsion, 

Water changes its volume with change of temperature, but 
not to an amount that i.sof .serious account in steam engineering. 


Temp. 

Weight. 

j Temp. 

W.-i^ht. 


Wi-iirht. 

212 T \ 

59-71 

I 350® 

5.5 -.52 

500® 

40^1 

250 

,58-81 

* 400 * 

53 04 

550 

47-52 

300 1 

57 20 

, 450 

50-06 

. 1 

02-2786 

102 1 

02-00 

158 j 

6100 1 

203 

^0-00 


The foregoing table gives the weight per cubic foot of water 
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at various temperatures, showing that the maximum expansion 
in the open air does not reach 6 per cent. • 

Water attains its maximum density at 4°C. ”39*1°F. 

• It becomes solid at a temperature of 0°C. = 32°F.,\he* freez- 
ing point of water being employed in fact as the 0° of the 
Centigrade thermometers. 

Ice has a specific gravity of 0*022 and a specific heat yf 0*504. 
To reduce 1 pound of ice at 32^F. ™ 0°C. to water also at 
32'^F. require^s 142 B.Th.U. 35*78 calories. The latent 
heat of water is thus said to be 35*78 calories or 142 B.Th.U. 
per pound, or 78*80 ealories per kilogram. 


Specific lleat. 

The specific heat of water, called 1*00 at 0®C. = 32°F., is 
not uniform, but increases slightly with increase of temperature, 
as per t he following table : — , 


Tom]). F. 

S|M'rifi<' Ilf'at. 1 

i Tonij). F. 

Specific Hoot, 


1(K)00 

2ls^ 

1*0177 

50 

1 0005 

200 

1 0204 ‘ 

(IH 

10012 , 

284 

1*0232 

H() 

1(>020 1 

; 302 

1 *0202 

lot 

[ 1 0030 

1 320 

1 *0204 

122 

10012 

1 338 

1 0328 

140 

1 1 0050 

. 350 

1*0304 

158 

! 1*0072 

1 374 

1*0407 

170 

! 1*0089 

1 304 

1*0440 

104 

1*0109 

410 

1 0481 

212 

1*0130 

1 428 

. 1*^0524 

230 

1*0153 

440 

1*^568 


As at the above temperature the bulk of watfrr is increased 
in a much greater ratio than the specific heat, the total heat 
per cubic foot will decrease somewhat with rise of temperature. 

As the total heat contained in one pound of steam measured 
from 32°F. is nearly 1,200 B.lTi.U., this amount of heat is 
more or less thrown away M’hen steam is used to atomize liquid 
fuel. The gases never leave a furnace belo\f ‘212®F,, and every 
pound’bf steam carries off its load of 967 imits of latent heat 
to the chimney. Air being already a gas, and hecessary to 
combustion, causes no loss in this manner, but it requires 
power to compress air, and some steam is thereby used, but, 
especially at sea, such steam can be condensed and does not 
therefore lead to a loss of fresh water. No extra work is 
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liirown upon the evaporation plant. Water may be split up 
by heat* into its two constituent gases. In this process of 
dissociation or decomposition exactly as much heat is absorbed 
as was produced by the combination of the gases when thp 
water was formed. Tliis plain chemical fact is ignored by 
those who dream of steam as fuel^ and imagine that steam jots 
introduced into a furnace will decompose and burn with any 
effect fh increasing the total heat production of the furnace. 
Steam thus employed is useful as a mechanical draught pro- 
ducer only, or there may be some truth that hydroi'arbons 
bum better in the presence of moisture. But no further 
claim is ttmablc. 


Vsejul Figures, 

In the calculations of the steam engineer it is convenient to 
remember that the sfjuare of the diameter of a pipe or a pump 
barrel gives the weight of water in a yard length of pipe. Thus 
a six-inch pipe holds 30 ])ounds or 3*() gallons per yard. Again, 
1 pound of coal should evaporate 1 gallon of water ; 1 gallon 
of water will give steam to work in the best engine yet made 
at*the rate of 1 h.p. hour. Two gallons will serve an ordinary 
compound engine per h.p. hour, and 3 gallons a good non-con- 
densing engine for each h.p. hour. Approximately, too, 1,000 
B.Th.U. generated represents one pound of steam, so that the 
number of thousands of units eay>aeity of a pound of fuel 
represents the theoretical evaporation in pounds of water. 

* Soluhiliiy of Salts. 

9 

As a rule this increases with the temperature, but at a slow 
rate, excepUfor sodium chloride and a f(?w other exceptions. 
For the sulphates of magnesium and potassium and the chlorides 
of barium and of potassium, solubility is proportionate to the 
increase of temperature. 

With sulphate of soda the solubility first increases and^then 
falls off again. 

The solubility i)f calcium sulphate decreases with tempera- 
ture. ^ 

Thefollowdng table gives*the solubility of a few salts at various 
temperatures in parts per 100. 

The solubility at 212'^F. is really at a higher temperature, 
being the solubility at boiling point, which is alWhys raised 
sBghtly by the solution of a salt. 
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1 

Tcmpuraturo. 



1 .n2“F. 

70®F. 

2 1 2°F. 

t’alcium chloride 

. . : 400 0 

— 

• 

Magnosiuni sulphate 

. . 1 24-7 

3.7 0 

1300 

lV)taHHium carbonate 

. . 1000 

SO 0 

— - 

„ chlorate 

. . 

S-0 

00-0 

„ chloride 

. . 20 21 

34 0 

.000 

,, liitrate . 

. . ' i:i:i2 

30 0 

2400 

,, Hul])hate 


12() 

20 0 

Sodiutii carbonate . 

. . ' (107 

21-7 

4.71 

,, bic;arhonate 

. . 0 0 

0 0 ' 

' — 

,, chloride 

. . ' :ir>5 

30 0 

30 0 

,, Hulpiiate 

. . 1 r»o2 

22 0 

420 

Barium chlorides 

. . 3.7 0 

— 

00 0 • 

Calcium earlKuuvte . 

. . 1 0030 

__ 

— 

,, Hulpliate 

. . ' -23 

__ 

•21 

MagncHium chlori<le 

. . 200 0 


400 0 

„ earl)onat(‘ . 

. . 02 


— 


Sea Water. * 

Sea water contaiuH 38 parts per 1,000 of dissolved matter ; 
of this from 25 to 28 parts are eommoji salt, Na(1. 

Thc5 lilack Sea eontaiiis only 17*7 parts, the ('aspiaii Sea 14*0, 
and the Ihiltic 0*7, owin^ to the lar^^e fresh water rivers which 
flow into them. The other salts of sea ^\ater are magnesium 
chloride, calcium sul]>hate, magnesium sulphate, potassium 
Bulphate and chloride, bromide of soda, the carbonates of lime 
and magnesia, and traces of other salts and organic substances. 

llardae^s. 

By this term is imsant 1 grain per gallon of lime •Jirbonate, 
CaCOj. Temporary hardness is that which can be re^juced by 
boiling. PcrmaiK'iit baldness is not reduced by boiling. 
Water is softened by chemical means. ^ ^ 

Pi pe6. 

The ordinary velocity of flow’ in w ater in pipes may be taken 
at 72 inches per second. This velocity is to be reduced 1 inch 
per Second for each 20 pounds pressure. Thus in feed pipes 
at 100 pounds pressure, the velocity will be 7^—8 04 inches. 

Practical considerations demand, except where several boilers 
are fed fiirough one pipe, that the jApes should be ijiuch larger 
than would give such a velocity in many cases. 

» See Wa/er-Softenifig and Treatnient, by tho Author; Constable & 
Co. See also Liquid Fuel and its Con\bustiont by the Author; 
Constable & Co. 
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Pipes less than inches are rarely advisable' for feed pipes, 
and if pipes arc liable to be scaled up they ought to be made 
initially larger than necessary to allow of a considt'rable deposit 
of scdle i^^ithout unduly diminishing their capacity. • 


Useful Data regard tug Wafer, 

1 gallon 

10 pounds. 

1 American gallon 

S 1121 ]>ounds. 

1 cubic foot 

02 27S(i lb. 

1 gallon • 

277 470 cubic inches. 

1 Amcriciyi gallon 

201 cubic inch(‘s. 

1 Jit re 

2 204 pounds. 

1 foot column .... 

0 4. ‘14 per S(piare inch. 

1 pound per S(|uare inch 

2 1104 feet head. 

1 gallon 

0 1000 cubic brt. 

1 pound 

0 01000 „ 

1 cubic foot 

0 027S ton. 

1 ton • 

.‘I.") 07 cubic feet . 

(Diameter of pipe in inche.s)- 

Pounds p(‘r yard nearly 
water contents. 

DC. per kilogram. 

1 calorie. 

ri?. per pound .... 

1 K.Th.U. 

Specific lieat at (t('. 

1*00. 

„ Ice .... 

0 504. 

Specific gravity at OTk . 

1 000. 

,, ,, Ice . 

0 022. 

1 atmosphere .... 

:i;i H feet of water. 


One pc^nd of oil rcrpiircs about 15 ])oun(ls of air for its 
chemical combustion, or about 207 cubic feet. 

Approximately this is 2,000 cubic feet of air per gallon of 
oU. 



CFrAPTKR VI 

CALOUIKIC AND OTHER UNITS 

Thermo C hern istry. ^ 

T he subject will only admit of slight treatment in a wcyk 
of this description. It has been exhaustively treated 
by Berthelot, es[)ecially in his Thermochimie of 1897 ; therein 
he gives the thermal ecpiivah^nt of almost all known hydrocarbons 
and other elements and compounds. When the calorific cap- 
acity of a fuel is tested it will often be found to depart from 
expectation. Two fuels may have the same eomposifion, yet 
produce very dilTenmt elfects. Thus acetylene and benzene 
have exactly the same ratio of hydrogen to carbon in their 
composition, tlu'ir formula being (.’jH 2 and (^cHo but their atoms 
are dillerently put together, and they produce very different 
amounts of heat when burned. Acetylene is very much more 
endothermic than benzene, that is to say, it actually absorbs 
heat when first compounded, and this latent heat adds to its 
calorific output when burned. Benzene and ethylene are 
also endothermic, but the other fuel hydrocarbons and alcohol 
are exothermic, and having given out heat when formed they 
give out correspondingly less when destroyed by ettmbustion. 
Thermo chemistry teaches us to consider all substances from a 
monistic point of view, seeing in every gas latent heat to 
preserve it as a gas, without which heat it would f^^ll to the state 
of a liquid. Similarly, we recognize that latent heat prevents 
liquids becoming solid. 

We realize that the conversion of sohd coal into gas, such 
as qccurs when coal is burned, demands an enormous heat 
absorption. Thus it is that the first oxidation of solid carbon 
to monoxide develops less than half the hca^ of the second oxi- 
dation « The same or even more heat is developed by the first 
oxidation, but disappears in chariging the solid carbon and 
solid hydrocarbons into gas. We are en|J)led to appreciate 
the difficulties that stand in the way of perfect combustion 
of bituminous fuels, when we perceive the heat absorption of 
the gasification they endure before they bum. Thermo-chemis- 

M 
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try points out why the calorific capacity of liquid and of ga^scous 
fuels is better than of solid fuels ; it teaches us to study the 
phenomena of specific heat, and lielps us to understand and 
account "for an infinite variety of apparent inconsistencies 
and to clear away the mists from our earlier views. As, how- 
ever, in engineering wc can only deal with approximations, 
it is sqjficient for ordinary purposes to base most calculations 
on approximations, and it is useful to be able to calculate the 
approximate expectation of calorific capacity of a fuel of any 
type. Thp formula of the French chemist Dulong may still 
bo employed as substantially accurate. It is — 

Calories = 0 : = 8,080C + IU,500(H — J) where C = weight 
0 ^ carbon, H = w’cight of hydrogen and 0 = weight of oxygen 
in 1 kilo, of the fuel ; or, if expressed in British Thermal Units, 
B.Th.U. ™ a; rz 14,500C -h G2,100(H - wIutc r ^ the 
thermal units, C =:the weight of carbon, H the weight of 
hydrogen, and 0 — the weight of oxyg(‘n in one pound of the 
fuel, t 

The Vereiri Deutscher Ingenicure use a modified formula— 

X ~ 8,100c 20,000(11 - 2) + 2,500S - COOK, thus allow- 

ing for the sulphur and for the hygroscopic water and for the 
fa^ that the hydrogen products are produced as steam. 

Mahler found an average of 44 fuels as follows — 

8,140C + 34,500H ~ 3,000(0 N) ; 

* — - • - 

which in B.Th.U. becomes when simplified — 

X ~ 200-5C -f ()75H - 6,400. 

Calculation has now' given way to actual nK'asurement of a 
sample in the Berthclot bomb or other form of calorimeter. 

We l^m from thenno-chemistry why it is tluit the latent 
heat of steam diminishes with higher pressure, realizing that 
the differencS is due to the absence of performance of extermil 
work. 

A few of the leading particulars referring to the gases most 
related to power engineering are re-tabulated in Table 6 from 
the author’s more extended table in Kempe’s Tear Book, • 

As a science thermo-chemistry recognizes no fuel as such. 
It has regard m^ly to the heat effects of chemical combi- 
nation. Combustion is usually restricU d to cai bon an A hydro- 
gen, sirapljf because these are the two substanas we find in 
Nature on a sufficiently large scale to bum by means of the 
atmospheric oxygen. Both produce harmless gases, namely, 
steam and carbonic acid. Neither will support life,* but they 
are not poisonous. 
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By aid of thermo-chemical researches we learn that the 
various hydrocarbons have either absorbed or giveA off heat 
when they combined. If the fonner, tlioy are said to be endo- 
ihermic, if the latter exothermic. We learn to make Allowance 
for the different state.s of fuel, and to realize that a gas ought 
to bo superior to the same relatival proportions of liquid fuel, 
and this again to solid fu(‘ls. But methane, CHi, is a gas, and 
yet it producess when burned an amount of heat less than it 
ought to produce, seeing that its hydrogem is still gaseous and 
its carbon is also gaseous. Instead of about 14,7‘^8 units of 
heat, it produces L'k’Ull units only, despite the benefit of 
vaporization of its (airbon. 

The (‘X})lanation is that when its elements combined tli«y 
gave out actually more luait than was necessary to vaporize 
the carbon, and th(‘ excess of heat was dissipated at the time, 
and Ix'forc methane ean burn with oxygen, its constituents 
must he s(‘parati‘d by means of h(‘at. The hi'at necessary to 
do this n'duees th(‘ heat of combustion. '^Phe different buliaviour 
of a(;etyleno arises from its absorption of heat in formation, 
such lu‘at l)(‘eoming apparent wh(*n the gas is burned. 

Ileaf. 

We do md know what heat is, but we know its effects, and we 
assume it to consist in atomic or moh'cular vibrations. 

The effects of heat, as they are a})})ar(‘nt to our senses or to 
our reasoning powers, are variously named. First may be 
placed temperature. When a body is hot it can communicate 
lu‘at to bodies at a less temp('rature. Temperature and quan- 
tity of heat have no particular relation to each other.* A pound 
of lead may be hotter or have a higher temperature tha%a pound 
of iron or of water, and maybe able to part with heat to those 
bodies. Yet it may possess much less quantity oUieat, because 
lead has a lower specific heat. 

The same substance in two different states at the same tem- 
perature, as ice at 32"’ and water at 32°, possesses a cbfferent 
amquiit of heat in these two states. The difference is expressed 
.as latent lu'at, and quantity of heat generally is expressed as 
units of heat, and we speak of the heat of combustion and the 
mechaiocal equivalent of heat, and must therefore define all 
these, * t 


Temperature, 

The bailing point at which the 212° of the Fahrenheit ther- 
mometer is fixed is that of pure water under the mean atmo- 
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spheric pressure of 14* 7 pounds per square inch. The Centigrade 
tWmom^k'r is marked zero at the temperature of melting ice 
and lOO'^ at the boiling point, the atmo.sphere being the pressure 
of 76d mfllimetres of a mercury column. Thus TF.—J of it 
degree Ouitigrade. The mercury thermometer is available from 
40°F.to 600°F., and even higher if the upper part of the tube bo 
friled n^th compressed nitrogen. For higher temperatures it is 
necessary to employ pyronu'ters, which act by recording the 
difference of expansion of diverse metals or the ])ressure of 
heated ai^ or by electrical means. Metallic thermometers 
are not very satisfactory. Jn steam engiiuHTing, tem[)eratures 
are met wfth from 32" to tiOO'F. in the (‘ugine-room, from 350" 
to 3,000 F. between the chimney and the furnace. By tem- 
perature is meant that state of a body due to heat, in which 
the said body can transfer heat to otluT bodies of less tem- 
perature. Temperature is a heat effect apparent to the s(*nse of 
touch, and only by temperature can heat be transferiTd from 
om^ bod^to another, and the transfer is always from the hotter 
body to the less hot body. Jn this way heat can be transferred 
from a body containing less actual heat to one that contains 
more heat. Thus a mass of one pound of iron heat(‘d toatem- 
pemture of 132‘'F. contains 12’1>8 heat imits. A similar mass 
of W'ator at a temperature of 82' contains 50 heat units, the 
heat content being in each case measun'd from a ilatum of 
32"F. Yet if we immerse the iron in tla^ watcT, heat will leave 
the iron which contains so little heat and will enter the waiter 
that contains so much heal, and will raise the t(*mj)erature. of 
the water. A clear distinction must be made? l)etw(‘en tem- 
perature and quantity of heat. Temperature can be measured 
by a therSvometer, but specific heat can oidy be ascertained by 
equalizing the temperature of the substance whose specific 
heat is sought with that of a mass of w ater. The final banpera- 
aturc enablcsPtho specific heat of the substance to be compared 
with that of water. 

There are three thermometric .scales, namely — 

The Celsius or Centigrade, which divides the distance bidween 
freezing and boifing of w'ater at sea level into 100 degree's^ the 
freezing point being 0", 

The Reaumur *calc, still much used in Russia, dividt^s the 
same distance into 80 part^, also starting from 0" --frc/czing 
point of water. 

The Fahrenheit scale divides the same distance into 180 
parts, but starts the zero mark at 32" below freezing. Hence 
the boiling point is 212", It is frequently necessary to con- 
vert oue reading to another. The following are the formula 
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for doing so, C., R. and F. being the respective readings on 
each scale. * 

To convert C. to R. — 

• X J R.^ 

To convert II. to C.™ 

R.'^ X ^ 

To convert to F.— 

(c:^ X ;) -f- 32" - 
To convert F. to (J. — 

(F.'^ - 32") X J 
To convert F. to R. — 

(F." 32") X ^ :: R.° 

To convert R. to F. — 

(R." X ';) + 32" r= F." 

ft is particularly necessary not to forget the addition or sub- 
trad ion of the 32" of the Fahrenheit freezing point when con- 
verting teinf)eratures, but it is also necessary to remember not 
to do so vvlien converting mere statements of diffcTonces of 
temperature. Thus if water is cooled 5()"C., this means it has 
been coohal through 90"F., not throiigh 90" -f 32°. This point is 
often confus(‘d by writers and leads to very erroneous statistics. 

Ry temperature wo thus understand that a body in a certain 
state is in a certain condition of molecular vibration. Different 
bodies are dilferc'ntly atfected by heat. Some bodies are placed 
in tlio state of molecular vibration known as temperature with 
less heat than otluTs. Thus water requires more heat than 
any other substance, excepting only hydrogen. The relative 
amounts of lieat to place bodies in a given state of vibration are 
called their capacity for heat or specific lieat. 

In Table VI are given a few cliaracteristic temperatures. 
Furnace temperatures can now be measured by<;he Fery 
radiation pyrometer. This instrument is stood at any con- 
venient and comfortable distance from the furrtace, and the 
hottest of furnaces may thus easily bo measured. The in- 
strument is not exposed to high temperature, though it measures 
this from its distant standpoint. It can be obtained, with 
explanation of use, from theCambridge Scientific InstrumentCo. 

^ Specific Heat, ^ 

By specific heat is meant the number of heat unfts necessary 
to raise 1 pound of a substance 1° Fahrenheit, and as water 
has the highest specific heat of any solid or liquid, it is taken 
as the basis. The specific heat of water is measured at the 
temperature of maximum density, 39 1"F., by some writers, 
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kcluding Rankine, but 32° is probably more usual, Tlie 
IUfferenc(^ is unimportant. The specific heat of all bodies 
pcrcases slightly with increase of temperature, a fact due to 
the incrofised molecular movement, and there is often very* 
considerable difference between the specific heat of the same 
body solid and liquid, notably in the ease of water, the specific 
! heat office being only 0 504°. 

Since 1 pound of water requires 1 unit of heat to raise its 
temperature T, its specific heat is thus said to be unity. All 
other substances are referred to water as a basis. Thus when 
we say that lead has a specific heat of 0 0314, w e im'an tliat to 
heat a pound of lead to a certain temj)erature only recpiires 
al^ut 3 per cent, of the amount expressed in B.'Fh.U. that 
would be required to raise the temperature of an e(|ual weight 
of water by the same amount. It i.s necessary to know the 
value of the specific heats of brick, iron, fuel and its products, 
in order to calculate jwrometric effects, furnace temj)craturc8, 
etc. Few the purpose Table VII of specific heats wull usually 
serve. More extended tables are found in most pocket-books. 

Gases have two specific heats ; that at constant volume 
and that at constant })ressure, the latter being greater and duo 
to tlic w ork done in expanding to constant pressure. Table VII 
gives the specific heat of the more usual gases met with in 
combustion. 

The specific heat of all substances appears to increase with 
heat, more especially hi the case of the gases. 4'his is not of 
much importance m boiler work, but is considiTable in gas 
engine research. In high tempcratiiro work the increase 
must be c^onsidered, but no error is introduced by neglecting 
the change when results are finally stated at low temperaturcH. 
Tlie increase of specific heat with tiunperature is most marked 
in the case of the more easily liquefied gases. 

Specific heft, then, is the relative amount of heat necessary 
to give to bodies a given temperature. The specific heat of 
other bodies is stated as the fraction of unity relative to water. 
Most substances about a furnace, as fire-brick, have a specific 
heat of about 0-2. The total heat in a body is the produot of 
its mass, its temperature and its specific heat as compared 
with some substa^e at another temperature and in the same 
state physically. Thus ige, water and steam whkh are 
chemically filcntical, differ in their physical states and cannot 
be so compared. The specific heat of ice is only about 0*504, and 
that of steam is 0480. Ice at 32°F. may have heat added to it 
until it becomes water at 32°F. 

Water at 212°F. will absorb heat and become steam at 212°F. 
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In both theso cases we sec no change of temperature due to the 
additional heat, but we see a change of })hysical condition. 
One pound of ice lias absor])ed 142 B.Th.U. of heat to enable 
It to exist as water. Any furtlier heat then added will irferease 
the temperature until 212 ’F. is reached. Then we may add 
IHiti 7 B/rii.U. to the water with no change of temperature, 
but we g(‘t th(*- water in the still higluT physical state of steam. 
In each cas(i tlie heat has become hiddiai or latent, ft is not 
apparent as temperature, but is occupied in keeping the molecule 
licjuid or gaseous, as lh(‘ cas(^ may l)e. Heat which , thus disap- 
pears in changing the state of a body is termed latent heat. 

Latent Heat. , 

Latent heat is thus the heat (‘mjuivahait of the changed 
state of a body, ft is not stated, however, as is specific heat, 
in t(Tms of the ratio to water, hut in actual heat units per unit 
of weight, as in calori(\s per kilogram or B/Fh.U. per pound. 
Thus the latent heat of watiw is said to be 142 0, be(;fiuse the 
melting of 1 pound of ice (hauands 142 (> B/l'h.U. It is impor- 
tant to know the latent heat of a few substances. Some are 
giv('n in the table below, those marked * being fiypoth(‘tieal 
and not d('finitcly dt'termined. * 



^ Pit 1 

'ouml. 

Por Kilo. 


n.Th r. 

Cal. 

Cal. 

n.Th.U. 

l('o to wrtO'r, nt .'12 1*' . 

J 12-6 

.‘I.’) iKl 

71)2 

314-3 

VV'ator to Htcum, 2i2 K. . 


. 2i:i:i 

53()-4 

2,12S 

(WlH)n to gas 

' r),si7 

1,40(1 

3,231 

1,282 

Oxygon to gan ^ 

40 

111 0 

24r)-7 

978 4 

Hydrogoii to gas * . . . . 


1.845 

4,0()(W 

i 10,130 

Niti’ogou to gas ♦ 

521 

i:u 3 

2H!)-4 

1 1,148 

Wator to gas(H20 dissooiatod)' 

O.DOU 

1,731) 

3,H33 • 

1 15,210 


Heat becomes latent not nuavly by such a process as actual 
boiling of water. It becomes latent equally when water is 
converted to vapour by absorption in dry air : the heat must 
come from somewhere in such a case, and it comes primarily 
frofti the air or from the wooden floor on which water has been 
sprinkled for cooling purposes. If steam be heated above its 
saturation temperature, it will now only ffbsorb about 0 480 
of a uAt. Hence the specific hcak of steam is barely half that 
of liquid water. After a very considerable furtlier addition 
of heat, a point is reached where the temperature again ceases 
to rise ; -but again here is a change of state. The water is 


‘ From solid condition in coal. 
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Iplit up into constituent elements of oxygen and hydrogen, 
nnd one |Jbund of steam will absorb 6,900 thermal units during 
^he spjitting up of its chemical aifinitics, showing the great 
^nergy of*chemical changes, for to melt ice requires 142 heaf 
limits per pound ; to vaporize the water requires 966 -7 heat 
units, and to decompose it demands 6,900. No matter how 
Ut* occurs that a body change its state, heat is given out or 
absorbed. To set fret^ the solid hydrog(‘n or solid \vater locked 
up in a piece of coal demands heat whi(‘h is rendered latent. 
Thus heat .is rendered latent when carbon is vaporized, and 
when again carbon is reduced from its state of carbonic acid gas 
to thcsolid^orm of wood by the action of the living forces of a 
trofe, the heat is again set free by the solidilication of the carbon ; 
but the heat rendered lalent in the decomposition of a body 
is known as the heat of dissociation, and, like latent heat, is 
expressed in actual heat units. 

• Dissociation. 

The heat absorbed in any j)rocess of chemical dissociation 
is an exact c(|uivalent of the heat which is set free when the 
san^o substances combine. Thus if 1 pound of hydrog(‘n unite 
with 8 pounds of oxygen to produce 9 [)oun(is of water, the 
heat of combination is 62,100 B.Th.lJ., and therefore the heat 
of dissociation of water is 62,100 ~ 9 „ 6,900 B.Th.U. 

There now remains to consider only the 

Unit of Heal. 

The unit of heat is merely an arbitrary measure of comparison. 
In British measures it is the amount of heat necessary to raise 
the temperature of 1 pound of water through UF. at or near 
32°F. 

In the metfle system it is the amount of heat necessary to 
raise the temperature of 1 kilogram of water through UC. 

As 1 kilogram =: 2 204 pounds and UC. ~ TF. the ratio of 
the two units is 2 -204 x 9 5 : - 3 968, the reciprocal of which 

is 0-252. ♦ 

The British Thermal Unit is written B.Th.U., and the metric 
unit is called the caloric and is written cal. Therefore 1 cal.=r 
3 988 B. Th.U., and 1 B.ThJ[J.= 0 252 cal. For near a^jproxi- 
mation the ^:atio of 4 : 1 may bo employed. 

The heat unit is employed to express latent heat of com- 
bustion or of dissociation. , 

It is necessary to have a statement of the relation of the heat 
form of energy and the unit of mechanical work. 
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Unit of Work. 

The unit of work is expressed in the form of ttie earth’s 
attraction. , • 

For the purpose of the engineer the attraction of the earth 
is measured by the pull exerted at sea level in the latitude of 
London upon a pi(‘e(‘ of metal which is called the pound. The 
work done in lifting one pound through a height of oncloot is* a 
unit of work and is called t he foot pound. Heat and mechanical 
work are mutually convertible. Dr. Joule, of Manchester, by 
the agitation of water by means of falling weights,*ascertained 
that the unit of heat or ILTh.U. is the equivalent of ,772 pounds 
raised one foot, or 772 foot pounds at the latitude and elevation 
of Manchest(T, and, with very slight variation, of no accounf in 
engineering, at any spot on the earth's surface. Joules* deter- 
mination of 772 was made by means of thermometers less 
perfect than those now procurable, or liis figure would have 
been 778 foot pounds, as since found by Rowland. 

The mechani<‘al eipiivah'nt of 772 foot pounds p(*r degree 
Falirenheit becomes foot pounds pcT degree (Vntigrade. 

FiXpressed in terms metrical altogi'ther or in kilogram 
('entigrade units, the cquivakait is 3,0()ll 54 foot pounds or 
42il 55 kilogram metres. * 

Thus the calorie is 423 55 km. “ ,‘M)G8 B.Th.U. 

With the more modc'rn figure of 778 fool pounds — 1 B.Th.U. 
r-:3,087-3 foot poujids. R(‘r calorie -■=: 4215 84 kilogram metres, 
80 that 1 B.Th.U. "107-78 metro kilograms. 

Like the British pound, the kilogram is simply a j)iece of 
metah and work units are done in raising it against the pull of 
gravity. Hence the kilogram metre, whose relation t^'the foot 
pound is 7 231 : 1. 

The kilogram is 2 2 pounds (actually 2 2046212^. The pound 
is thus 0 4530 kilos. 

The metre or unit of length is 39 370432 inches, or say 3 feet 
3 inches, and I very nearly for easy remembrance and mental 
caLmlation. 

Errors hi converting units are most likely to occur when units 
are compound, as when convertmg pounda^per square inch to 
kilos por cm.* ^ 

Very closely the English ton of 2,240 pounds rbsembles the 
French toime of 1,000 k.=::2,204 6 pounds. 

Also 1 k. per linear metre is equal nearly to 2 pounds per 
linear yard, and 9 calories per cubic metre is very closely 
1 B.Th.U. per cubic foot. 
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Gravity, 

Gravity at Greenwich is 32 19078 feet per second 
ncceleBati^n per second, usually written 32 2 jmt sec*. • 

The expr<‘ssion ^'2G may be approximated as 8. 

Metrically, G s~i) 8117 metres per second* at Greenwich. 
»l'he true value at any other latitude (L), in centimetr(‘S jwr 
second* is — 

980 ()(>r)0-2 5028 Cos*(L)-0 000003 11, 
where H is*'the hcii»ht above sea level in centimetres. 

Other compound units that are useful an* as iollows — 
B.Th.U. per sq. ft.“ . 2 713 cal. |M*r s<iuare metre. 

1 ,, pound - 0 55ti cal. per kilogram. 

'to find the nmnlxT of (‘ubic feet of air at (»2 K. chemically 
consumed for one pound of fuel, take tin* percentage of carbon, 
hydrogen and oxygen in fu(‘l. To tlu' carbon add thna*^ tinu‘S 
the hydwigcn .ind subtract four tenths of the oxygen and 
multiply the remainder by 1 52. The [)roduct is tlu* cubic 
feet of air (A), 

Thus A 1-52 {C + 3 K - O-t O). 

• I 

Thewa‘ight of air per cubic foot is ^ j peomis, or 13‘14(*ubic 

feet== I 11). 

The total weight of gaseous products per j)ound of fuel is 
found by multiplying the percentage of carbon by 0 12(1 and 
that of the hydrogen l)y 0 358. Tlu* sum gives the total gas(*s 
(W), thus W ~ 0 120 -f 0 358 H. 

The tot#l volume is found by multiplying the carbon 
jKjrcentage by 1 52 and the hydrogen l)y 5 52 ; tlu* sum of 
these is ihe total volunu* (V) in cubic feet at 02 F., thus 
V™152C-f 5*52 H. 

The volume at any other temperature (T) is V' = 
y T + 401 
523 

The Calorific Power of Fuel. 

* Calorific Formula. 

Dulong and Petit and subsequently Favre and Silbermann 
determined the calorific capacity or heat of combustion of 
many substances with more or less accuracy. Dulong endea- 
voured to find a formula for calculating the heat of combustion 
of any fuel of which the chemical composition was known. 
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The capacity given by him to carbon was 7,295 calories. The 
latest determination of Berthclot is 8,137 and that for hyd- 
rogen is 34,500. ^ , 

* Dulong’s formula for fuel according to its composition is, 
with the correction to modem coefficients — 

Cal. 8,137 C 4- 34,500 (H-^) where ^ ^ 

C is the carbon in 1 kilogram of fuel, and H and O^are the 
hydrogen and oxygen respectively, it being assumed that the 
oxygen is already combined with hydrogen and that so much 
of the hydrogen is already useless. Any error would appear 
to be on the safe side, and the formula assumes the return of 
all the gases to O'^CJ. ^ 

In actual practice, the gases pass at a temperature of over 
100”C.,and the water is in the form of vapour, and the calorific 
capacity of liydrogen is often taken as only 29,150 B.Tli.U., to 
allow for the lieat absorbed in vaporization of the water. 

In Germany, Dulong’s formula is thus used in the^ form — 

Cal. 8,100 C + 29,000 (U-;;) -f 2,500S~600W, 

whore S is the sulphur present, and W is the weight of hygro- 
scopic water. , 

Seeing tliat in coal the hydrogen is as solid apparently as the 
carbon, it appears correct to take something off the co-efficient 
of hydrogen to allow for the heat absorbed in gasifying it, and 
in the above formula the subtraction of 150 calories perhaps 
helps to make this formula coincide very closely with calori- 
metric results. 

Possibly also the rounding off of the co-efficient for carbon 
from 8,137 to 8,100 helps to correct for the vaporization of the 
carbon compounds which are exothermic when first formed, 
and do not give up the full heat value of their separate hydrogen 
and carbon. Both marsh gas, CH4, and eth;jnc, CuHa, give 
out heat when formed and require it again when dissociated, 
and coal is so complex a body, as are also liquid fuels, that very 
little positive knowledge can bo assumed : it is sufficient to 
kqpw that the formula last given is a very fair approximation 
to the truth. 


^ The Calculation of Temperatures, 

% 

The temperature of combustion of any substiftices depends 
upon the calorific capacity of the burning material, the total 
weights* of the products formed, and the specific heat of the 
products. The calculation of the theoretical temperature is 
therefore simple. 
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The specific heat of all bodies, and particularly of gases, 
increases ^th temperature, and this reduces the temperature 
actually obtained. Though hydrogen has so high a calorific 
capacily, It does not produce a specially high temperature atf 
compared with carbon, for in the first place it demands 8 times 
its own weight of oxygen, and secondly the sp(H?ific heat of the 
ppoduc^ steam gas, is also high, viz., 0 47fi. 

The calculation of temj)erature for hydn»gen burned with 
oxygen is — 

20 150 

T = ’ r ^ 6,7G2T. = 12,202"F. 

, 9 X 0 471) 


piese are tem[)eratures very much in excess of anything 
secured in the laboratory, which has not reached 3,000X\ 
(even under a pressure of 10 atmospheres). 

^V'ith air, however, the oxygen is accompanied by a weight 
of nitrog(‘n 3 32 times its own weight, and to burn 1 unit of 
hydrogen requires 8 pounds of oxygen and 20 50 of nitrogen, 
the specific heat of which is 0 244. The calculation for tem- 
perature is thus — 


T — - 2l),l.>0 — ^ 513"’C — 4 554''F 

(9 X 0 479) 4- (20 50 x 0 244) ~ ’ * 


The calculation for carbon turned to carbonic oxide is similarly 
derived from the heat capacity ~ 2,453 cal. The oxygon 
necessary is times the weight of the carbon consumed, and 
as the calorific effect of the first oxidation of carbon is 2,453 
calorics per kilogram, we obtain — 


T = 


2,453 


• 2 333 X 0 245 


4,292X\ = 7,757X\ 


when*bw»ncd with oxygen, the total product being 2 33 k. of 
carbonic oxide of 0 245 sp. heat. Then, with air containing 
3 32 times as fnuch nitrogen as oxygen, we have — 

_ _ I 

(2 333 X 0 245) + (1 333 x 3 32 x U 244) 

= 2,705°F. 

% 

Where the amount of air is in excess of the chemical minimum, 
a further term mu8| be inserted in the denominator ; as neither 
the nitrogen nor the oxygen of the excess air is altered, they 
may be conJiidercd together.* The sp. heat of air is 0-237, and 
the weight per unit of fuel being W, we have the new term 
in the denominator (W x 0 237), and the temperature of the 
final product is reduced simply because of the greater weight 
of final gases over which the heat generated per unit of fuel is 
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distributod. In Table V are given the calorific capacities 
of the variouM forms of carbon and of hydrogen, tog(!ther with 
the resulting t(‘mp(‘ratures of combustion with a minimum 
oxygen or equivalent air. The values arc given ^er gram, 
litre, pound and cubic foot for combustion to carbonic oxide 
- - CO and to carbonic acid “ (JOj for carbon, and to water 
(va[)our) and water (liquid) for hydrogen. 

These femj)eratures are not attained in practice. St. Clair 
Deville considers that they are prevented from occurring by 
the dissociation which is said to occur at high temperatures. 
A certain temperature is attained and further combustion 
ceases until some of the heat has l)een dispersed, when further 
combustion proceeds. Berthelot, whiles not ignoring ^fis- 
sociation, is rather of the opinion that the inability to attain 
theoretical temperature arises frorn the proved increase of the 
specific lieat of all bodies, and especially of gases at high tem- 
peratures. Probably both causes have elTcct. 

With licpiid fuels, uhich contain so much hydrogen, the 
caloritic capacity of the hydrogen cannot exceed 2t),100 cals, 
or 62,290 B.Th.LI., because the aqueous vapour always passes 
away as vapour. 

One pound of water vapour contains — • 

1,091 7 + 0 306 (T - 32^) B.Th.lT., where T is the temperature 
Fahrenheit. 

Similarly where T is the temperature Centigrade 1 kilogram 
contains 000 -6 -f- 0-306 T"^ calories, whence can be calculated 
the heat lost where saturated steam is thrown away. But in a 
furnace the waste gases are much above saturation temperature, 
and all vapour above 212^T\ must be ealculated toVabsorb at 
least 0 480 of a thermal unit or calorie per pound or^xr kilo- 
gram for each degree Fahrenheit or Centigrade beyond 212°F. 
or lOO^C. respectively. « 

In calculating furnace temperatures there must always be 
added the temperature of the atmosphere to the calculated 
temperature, which is based on the datum of 0"C. The usual 
atnK)spheric temperature is 16*^C, ™ OO^F. for convenience, a 
sufficient approximation. The total amount of water to be 
allowed for in any fuel sample is nine tknes the weight of 
hydrogwn in the sample plus all tl^e water. Water should be 
nil with liquid fuel warmed sufficiently to cause the water to 
separate. 

In calculations of the hydrocarbon gases the figures given 
above a|e combined ; thus for benzene, CA, the calorific 
capacity is 10,052 from the gas or 9,960 cal. from the liquid. 
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Tills substance requires in all 3 077 times its weight of oxygen, 
and prodtiecs 3 385 parts of COj and 0 C923 of HjO, or 4 077 iu 
all. 

Thd Circulation for temj)eraturc is therefore— • 


0,000 

(0 0023 X 0 470) + (3 385 x 0 217) 


0,343 V. 


10,840“F. 


when burned in oxygen. 

With air there is an added weight of nitrogen equal to 3 077 
X 3-32, the specific heat of whi(‘h is 0 244. 

Tliis pntduct, 3 077 x 3 32 X 0 244 is added in the denoiui- 
nator, and the resulting temperature is found to be 2.708‘X\ 
.-53)40 F. 

*\ny excess of air aliove that chemically necessary is then 
allowed for by m(‘aiis of the extra term in tlui (haiominator 
(W X 0 237), as above explaim'd. 


Helulive Voluine of (rases produced hy Combustion. 

« 

When a fuel contains carbon only the vohim(‘ of th(5 gases 
produced by pt'rfect combustion is uUaitical with th(‘ air ad- 
mitted to th(‘ funiaci', for in j)rodueing carbon dioxide two 
volumes of oxygen jiroduce two volum(‘s of carbonic acid, or 
(J X 0.. F()., which, like almost all compound gas, occu|>ie8 

two volumes. 

When combustion is imj)erfect and carbonic oxide is formed, 
the result is C-fO t'O, or two vohjmcH from only one 
volume of oxygen, and the waste ga.ses exce(*d the volume of 
air supplietl. 

Sulphur in a fuel leads to no changes in volume. Hydrogen, 
2 volume^, lorms with 1 volume of oxyg(*n 2 volumes of gas, 
or H»i4^0 H.,0- 2 volumes of w ater vajxmr. But when tlue 

gases are collected the water vapour condenses and there is a 
diminution volume. 

Each unit of hydrogen in fuel recjuirc's 8 units ot oxygen. 

Expressed metrically, 1 gram of hydrogen will consume 8 
grams of oxygen. As oxygen weights 1 43 grams per litre, 
each 1 gram of hydrogen will eauw; to disappear 5 G litres of 
oxygen or nearly 0 2 cubic feet. 

This volume di^ipiK‘arH and the total volume of gases must 
be increased by the addition of the volume of oxygen d4‘Htroyod 
by hydrogen. 

Though not of much account in respect of coal, the large 
percentage of hydrogen in liquid fuel renders the waste gases, 
when cooled, very much less in volume than the origulal volume 
of air. Thus an ordinary oil may contain 12 per cent, of 
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hydrogen, or 120 grams per kilogram. This will destroy 960 
grams of oxygen or 672 litres for each kilogram of li(|uid fuel. 
In calculating the percentages of the total gases this volume 
of vapour must be allowed for. Per pound of fuel cOnt lining 
say 12 J per cent, of hydrogen exactly one pound of oxygen 
will be used measuring 11*2 cubic feet. Thus should the 
apparent volume of air be 260 cubic feet, the actual volume 
would bo 271-2. 

I'lie Table of gases (V) will be useful in such calculations. 

0 

Evaporalive Poiver of Fuel. 

The evaporative power of fuel is usually stated in terms of 
the watca* evaporated from and at, 100°C.=212^F., at whiCh 
temperature all the added heat becomes latent and disappears 
at the rate of 537 calories per kilogram of water, or 966' 7 
B.Th.U. per pound. The theoretical duty is thus obtained 
by dividing the calorific power of the fuel by these numbers — 

29 150 . * . 

Hydrogen should evaporate 5*1' 28 times its weight 

S 137 

of water. Carbon should evaporate ™ 16‘15 times, and 

the best coals have a capacity of about 15| times, the highest 
values corresponding with the highest proportion of hydrogen 
when this is not neutralized by being already in combination 
with oxygen. l..i(pud fuel may run as high as 22 evaporation. 

The actual evaporation secured will fall short of the theoreti- 
cal by 15 per cent, in the very best exceptional cases to 30 per 
cent, in good but lieavily worked boilers, the results obtained 
depending upon the perfection of combustion, the Avoidance 
of excessive air and the proportions and condition of tlM-boiler. 
A good n'sult with coal is 10|, which corresponds with about 
16 for good liquid fuel. Coal often falls as low ai» 8 and liquid 
fuel as low as 12. 

Reference is made elsewhere to the supposed superior effici- 
ency of li(|uid fuel as compared with solid fuel, in regard to the 
fact J[hat Nature has supplied the latent heat of liquidity, but 
it is also shown that probably the effect is small, the latent 
heat of liquidity being only a fraction of tht^ of vaporization. 
Gaseous* fuels, therefore, should be expected to give higher 
values than liquid fuels. The formulae for calculating the 
calorific effect of a fuel give a result greater than the actual 
calorimetric values of hydrogen and carbon. In a liquid fuel 
the carboif sliould give more than its nominal solid rating, but, 
on the other hand, the rating of hydrogen at 29,160 oak. is 
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obtained from hydrogen gas, and, in a liquid fuel, the hydrogen 
has been •deprived of its latent heat of gasification, and by 
so much must lose efFect when burned, and, per pound, the 
hydrogen* loses much more than is gained per pound of carbonj 
Solid fuels, of course, lose still more, but the dilTerence between 
liquid and solid fuels is not very great in respect of their dilTcr- 
eiice 0 ^ physical condition. Where licpiid fuel se(;ures its high 
calorific value is in its very high percentage of hydrogen, and 
its freedom from oxygen and ash. I'he absence of oxygtai is 
a proof oftthe full efficiency of the hydrogen, except so far, 
of course, that the hydrogen is combined with thecaihon and 
the combination when ctTcctcd was exothcrmi(‘. 

4s a sample of liquid fuel calculation, a petroh'um may bo 
taken, such as a heavy Baku oil, with 87*0 [)er caait. of carbon 
and 13 per cent, of hydrogen. The excess of air will be assumed 
to be 60 per cent, beyond theoretical requirements. The oil 
was tested to give 10,843 calories by Mahk'r. 

Calculated by the improved Dulong formula we have — 

Cal. = (8,100 X 0-87) + x 0-13) r . 10,817 cal. 

whicli corresponds very closely \\ith the calorimetric test. 

Had the full values of 8,137 and 20,150 been employed, the 
result would have been slightly above the actual finding, and 
for a very pure hydrocarbon it is probable that calculation and 
tests will not prove to be far apart. 

The temperature secured by this oil with the 50 pcT cent, 
air excess will be — 

10,817 

087 X 3-66'x1)*217)T ( lOxiJ X 0-47t>) -f (•T30 X 3 :12 

• X 0-244) i(5'575x 0*237). 

formula the first term of the denominator gives the 
heat absorbed by the CO 2 formed from (»'87 of carbon, and the 
oxygen consiflncd is 0*87 2*60 ~ 2*32. The second term 

gives the heat absorbed by the steam productal from 013 of 
hydrogen, and the oxygen consumed is 0*13 ~ 8 x T04. Tho 
third term gives the heat in the nitrogen which accompanies 
the consumed 3*36 of oxygen. 

The total weight of air used is thus 3*36 -f (3-36 X 3*32) 
=51 M6. Then 6C>per cent, of this, or 6*675, is put into tho 
fourth term with the specifi /2 heat co-efficient of air. Working 
out, the result is — 

2,042°C. = 3,708°P., 

5-296 

as the theoretical temperature of the fuel when supplied with 
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50 per ('(‘lit. cxccHrt of air. This shows how temperature is 
redu(?ed hy <*xoesHiv(‘ air. (iratiled that this temperature is 
more than would actually he attained owing to the rise of the 
J<p(‘citie heat of gase.s with the temperature', the fad> remains 
that the^ funiaco temperature wouKl be' more neaily maintained 
ale)ng the flues. 'J’he absorption of heat by the', boiler, lowering 
the* t(!mf)e‘rature, woulel set free the heat \vlneh has ^become 
latent under the te^rm spee-ifie; heat, and the curve of tempera- 
ture dre)p we)ulel be h'ss steep. 

But bt'yond all this the're^ is a final ehimnt'y tem[)erature 
beyond which it is not eoiume're'ially })raetieable to reduce the 
gases, anel if by using tex) much air we double the we'iglit of 
reje'cted gase's, these, at a given ti'inpcratun'. will carry#»off 
just twic<' as nuH'h heat as would be earned off by half the 
weight. 'PhuK, if tlu* chimney temperature is OoO K. or 400° 
above the atmospheric temperature, (‘ach pound of gas runs 
away with a[)|)roximatt'ly 400 X 0-237 B.'rh.U. Ot-S B.Th.lJ., 
which is about 1,500 B.Th.U. pc'r pound of carbon fiu*l burned 
or approximately 0 per cent, of th(^ lu'at. on the assumption 
that the chemical minimun\ of air has bi'i'ii used. Jiut had the 
air su[)ply been doulOi'd the lieat thrown awjiy would have 
been dou()lcd also, and a lo.ss of about IS per ci'nt. would kavo 
been incurred. 

Kxc(*pting that it is important to have eh'ar ideas upon the 
etfect of air supply, it does not much conct'rn the engineer 
t(» know’ what theoretical temperatures are sc'curi'd, though ho 
must be on his guard against unduly low' tc'inperatures in the 
furnace, and be prepared to guard against this by propc'r design, 
such as k(*eping heat -absorbing surface away from the gases 
until combustion is sullieiently perfect to enable this ^o be done. 

The engineer is usually concerned with tlie evAp3*iative 
eflieic’ncy of a fuel, and calculatevS this from and at the boiling 
point of 10(V (\ -2I2’F. The heat of evaponiition of a kilo- 

gram of water is 5:b)-r) cals, or lK>5-7 B.Th.U. per pound. The 
evaporative power of a fuel is therefore to be tlirectly obtained 
by dividing its unit calorific capacity by the heat of vaporiza- 
tion of water from and at BK) (\ 

For pure carbon the figure obtained is — 

• E ^ ^ 15' 165, or, in British figures, 

• 536-5 . * 


P _ 14.647 
' 1)65-7 


15- 167, 


the sligl^l discrepancy being due to errors in the equivalents 
for want of unimportant decimals. 
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The actual evaporation of a steam boiler never apprcmches 
the calculated figure within 20 \)ot cent. This 20 per cent, of 
loss of effect is due to several causes — 

(f) The whole of the fuel is not burned perfectly. • 

(2) The waste gases are sent away to the chimney at a 

temperature considerably abovc^ that of the atmo- 
^ sphere at which the fuel and air is supplied. 

(3) There is a large excc.ss of air in the waste gases. 

(4) Much heat is lost by radiation from tlu‘ l)oilcr and 

♦brickwork ; and, with solid fuels, in aslics and 
clinkers. 

M, Clav^nad has a peculiar method of cak ulating calorific 
cajiacities. He points out that the figures of 8,000 and 34,500 
for the solid and gaseous stat(‘s of carbon and hydrogen rc- 
s})cctivcly are incorrect for liquid hydrocarbons. Tlic heat 
disengaged by gaseous carbon when burned is equal to that 
disengaged by four atoms of hydrogen gas. 

The atomic weight of carbon being 12, and one kilogram of 
hydrogen having a imwer of 34,50(f ealorii‘s, then 1 kilo of 
carbon in a gaseous hydrocarbon will poss(‘ss — 


34,500 X 4 
12 “ 


™ 11,500 calories. 


In the complete combustion of carbon the first rciietion, 

4- 0 “ CO, produces as much heat as the second, CO + 0 r 
COj. The weight of carbon in one kilo of CO being 0 428 kilo, 
and the combustion of this from CO to CO^ producing 2,431 
calories, therefore 1 kilo of carbon completely burmai must 
produce — 

2 431 X 2 

— ^ 11,300 calories. 

0 428 

Hence M. 4'lavenad takes the calorific power of gaseous 
hydrocarbon as 11,500 or 11,300 for the carbon, and 34,500 
for the hydrogen, figure.s wliich, however, will not fit with 
actual determination, becau.se of the disturbing elTcctH of 
exothermism, as in the case of marsh gas, CH|, which (alls 
much short of calculation. 

Mahler has sho^rn in the table below that the calculated 
calorific capacity on the as.sumptioii of H 34,511 and C 
7,860 is greater than experiment shows to be the case. 

The difference P — p is less for crude oil than for products 
industrially produced. The calorific pow'cr of the various oils 
studied ranges from 10,300 calories for crude Russian to 11,100 
for American crude. 
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According to Colomer and Lordicr, the relative weights of 
difTercnt fuels to give equal evaporation are — * 


Potroluurn rcHuluo . 

Pent 

Coki) 

Oooil roftl briquottos 
Antlimcito (Donotz) 

Coal 

„ Moscow Basin . 
,, Ural Jlasin 
„ Kaul>an iiasiii 
„ Poland . 

„ Sih'sia . 

„ Kn^linli . . 


100 

*320 

142 

140 

139 
irs 
270 
176 

140 
105 

, 107 
130 


o 


CJoutaVs formula for cal(*ulating tlie calorific value of fuel 
from its composition is -- 

P r- 82 C’ -f- aV ; wh(‘re 

V calorific power in calories. 

(' =:= percentage of fixed carbon. , 

V r- percentage of volatile matter. 

a a variable eo-efficient (U‘pending on the amount of 
ash and water in the fuel. 

Using the formula — c 


V' X 


V X 100 

'0 -h V 


the following value.s are obtained for (a). 

V'= 5, 10, 15, 20, 25, 30, 35, 38, 40. 

a = 145, 130, 117, 109, 103, 98, 94, 85, 80. 
This formula is applicable to solid fuels. 


f 


Smoke and Combustion. «»*'■** 

The Combuiftioii of Hydrocarbons.^ 

When hydrocarbon fuels arc burned there may be formed 
smoko of two distinct varieties. The first is the greenish- 
yellow fume which is driven off coal when placed upon a fire. 
This fume is simply hydrocarbon gas with its contained tars, 
ana can bo burned. It is the usual smoko produced by the 
domestic fireplace, and bums freely w hei^ an under fire be- 
comes Jiot and the gases are once fairly alight. 

The other variety of smoke is the* black smoke which deposits 
soot. Soot is a flocculent variety of carbon which is produced 
by the sudden cooling of heated hydrocarbon gases. In the 
furnace 6f a boiler wherein the green gases are well ignited 
they are allowed to come into contact with the cold surfaces 
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of the boiler, and soot is formed. Had the green ^ases been 
supplied with air intimately mixed, they would have burned 
completely with no smoke, if they were not cooled do\vn by 
the boiler. When a boiler furnace is of correct form, the 
combustion of the hydrocarbon gast's can bo secured when a 
proper admixture of air is carried out, and in the Lancashire, 
Cornish, and other shell boilers, smokeless combustion <can be 
ap{)roxi mated if the draught is good. The means of admitting 
air is usually a grid in the furnace door. The air thus admitted 
Hwee{)H over the whole surface of the fire and beconft^s blended 
with the gases given off the green coal, and perfect cpmbustion 
will take place if tluTe is sutficuent free space beyond the bridge 
in which flanu^ can burn uidiindered by cold water pijfes. 

If, how(‘V(‘r, the draught is poor, the air drawn in over the 
lire through the door will be insufficient, and smoke will be 
produced. About 3 to 4 scpiarc inches of air openings arc neces- 
sary for each sejuare foot of grate surface. 

When insullieient draught is due to the smallnestf of the 
chimney or Hues, or to bad brickwork, it can be remedied by 
repairs, or by the use of a small steam jet, to induce a How of 
air through the door grid. 

If the poor draught is due to the necessity of closing fhe 
dampers to moderate the intensity of th(' firt's, it is then neces- 
sary to reduce the area of the fire-grate, so that the chimney 
draught may be mad<^ more intense on the smaller area, the 
damf)er being kept oj)en. This keeps up the draught suffi- 
ciently to compel the air to flow in at the door grids in ample 
volume. The same etfect may sometimes be secured by fitting 
damiiers to the ash-pit opening, so as to control thepntensity 
of the fires even with a full open chimney damper. The full 
draught power then remains available to draw in air flffPBugh 
the door grids to burn the hydrocarbon gases above the fire. 
Any draught less than i-ineh water-gauge, or saj^a velocity of 
30 feet per second, will usually make it impossible to burn coal 
without smoke. 

In no ease can smoke be prevented where the gases rise verti- 
cally^from the fire and pass directly between the tubes of a 
water-tube boiler, for the necessary mixture of air has not been 
secured. Belleville tried to effect a mixture by blowing high- 
pressure y^ir jets into the furnace in order to mix up the gases, 
but the method is faulty, and cannot be a 8uccess*where the 
tubes are so close above. The same principles apply to the 
combustion of liquid fuel, with certain differences due to the 
method of tiring. With liquid fuel the supply of gas is uniform 
and continuous, and the fuel is supplied in exceedingly small 
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particles intimately mixed with air to begin with, and supplied 
with a fufther volume of air from below. A uniform high 
temperature is maintain(‘d in the locus of combustion by a 
sufficient rffass of fire-brick work in the form of arches or cheqiuT * 
work. 

The production of soot is well illustrated by the system of 
manufacture of lamp-})lack, whieli is carried on by burning a 
large number of oil lamps in a contiiied space with an insufficient 
supply of air at a low temperatur(\ Soot is thus formed, not 
alone by cof)ling heated liydroearbon gas, but by attempting 
to burn it with an insufficient air su})j)ly. 

Oil fuel will produce* dense* sme)ke wheai not supplicel with 
sufficient air, but in all the approved methoels of combustion 
the requisite air is supplied, aiul can be re‘gulate*d v(tv exactly. 
Combustion also takes plae'e* at a high temperature, anel the 
flame proeluced is comparatively sluwt, and e*ombustion can be 
eom})le'ted in a comparatively restricteel space, as in the firel)ox 
of a locome)tive, which can be perfectly tired by oil fuel without 
any change from the conelitiems found iKTe.ssary w ith ce)al. All 
manner of contrivances have beem })atented fe)r the prevention 
of smoke, but few, if any, have realized the all-imjmrtantelet ail 
e)f t(*mj)erature, for witliemt .sufficient tejuperature in aelelitieju 
to the propeT mixture of air in a fuinace of eorre'ct form, there 
can be no perfect combustion. 

All .smoke troubles may be attributed in general terms to the 
too early application of tiie heat absorbing surfaces of the boiler 
to the yet luiconsumed ga.ses. \^’hile tlu^ foregoing arguments 
apply more particularly to coal, their j)rinciples arc e(jually 
applicable to oil. Antijracite coal, which (’ontains no hydro- 
carbons, biirns away altogether at th(‘ grate surface with an 
intenS!f^of temperature very mucli in excess of ll}at of any 
bituminous coal. 

The latter nflist be distilled on the grate, and much heat is 
absorbed in the gasification of the hydrocarbons. The zone 
of combustion is very muc h extended, the temperature at the 
grate is less, and it is ncces.*-ary to conserve the heat generated 
on the grate in order to keep hot the hydrocarbon gases, jBO 
that these also may burn and not be wasted. With liquid fuel 
the gasification is mlready partially effected, and combustion 
is rendered more perfect by Jieating the li(iuid and also Seating 
the air by w Wch it is atomized. Thus, if the oil and air be both 
heated to 200°F., the temperature of combustion will be higher 
by about ISO'^F. than if both oil and air were supplied at the 
ordiiiary atmospheric temperature. The following , extract 
from the Author’s paper on the subject of hydrocarbon com- 
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buHt ion in the Electrical Review y of August 30, 1901, may be of in- 
terest in this connexion with the subject of furnace temperatures. 


Furnace Temperatures, • * 

An argument in favour of the necessity of refractory furnaces 
for bituminous fuel is that only a proportion of the total calorific 
capacity of a bituminous coal is generated on the gr^te, and 
tliertjforo the fuel which burns on the grate is debited, not only 
with its own combustion, but also with the splitting up of the 
hydrocarbons and other volatiles, and raising them to such 
temperatures as will enable them to burn at a second zone of 
combustion. 

An average of 18 analyses of Newcastle coal gives the foUGW- 
ing figures — 


('rtrl)oa . 
V^)l»nil(^ carbon. 
Tfy(li'oj?(}n . 
Oxygon .... 
Nitrog(Mi 
Sulphur 

A'^li 

Calorilic capaoity . 


4S 81 per cent. 
33 23 „ „ 

5-31 „ 


l -35 

1 1 24 
3-77 


ir.,202 IbTIor. 


The calorific capacity of amorphous carbon is about 14,647 
B.'Fh.U. per pound ; therefore the capacity of the 48-84 per 
cent, of fixed carbon in the above samples must be 7,150 B.Th.U. 
As regards the fire upon the grate, these 7,150 heat-units are 
all we have to work with. We have to draw on them for the 
heat which becomes latent in converting the solid coal to the 
gaseous hydrocarbon. A piece of coal is all solid, and except- 
ing the ash, it all becomes gaseous. Subtracting for cinders 
3 77 per cent., there remains 47 0 per cent, of volatile solid 
matter, which ultimately passes off in a gaseous stirt^' The 
customary allowance of air is about 18 pounds per pound of 
coal. This also must be heated up to the general temperature 
by the heat developed on the grate by the fixed carbon only. 

The theoretical flame temperature of carbon when burned in 
an exact sufficiency of air (i.e, 11 J pounds per pound) is 4,892°F. 
W/) can rt‘adily calculate the net temperature of all the products 
in the usual manner, though the result will be approximate 
only. We may assume 1 pound of coal, »nd we will add the 
customary 18 pounds of air, so as^to produce a final 19 pounds 
of the total furnace products. As the temperature of combus- 
tion of carbon in air is 4,892°F,, when using 11-6 times its 
weight in air, the temperature with 18 pounds of air will be 

^19^ X 4,892 5=: 3,245°F. But with the heat produced by 
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48-84 per cent, of the coal, we have to carry the further load of 
volatile fuel and inert ash that is not burned on the grate, 
together with its similar proportion of excess air. The 
temfierdturt3 of 3,245*^^'. x 4884 ™ 1,584®F., and this is the 
maximum temperature of the products of combustion, assum- 
ing that they escape imcooled. This is a maximum figure, 
because whereas the temperature of combustion in air, namely 
4,892®, 18 that due to a minimum of air, the reduced tempera- 
ture involved by the use of excess of air as above calculated is 
really too givat in part proportion as the specific heat of nitro- 
gen is greater than that of carbonic acid ; nitrogen, of course, 
forms by faV the greater proportion of the furnace products, 
and jt has a specific heat of 0 244, as compared with carbonic 
acid 0-217. Steam also, which is forim'd on the grate and 
does its share in reducing the temperature, has the high specific 
heat of 0 480, any free hydrogen that may escape has 3 410, 
and the hydrocarbons have also very high specific heats, for 
example, .olefiant gas, 0 418; marsh gas, 0 593. 

It is thus clear that the tempiTature of the gases as they 
flow to the bridge is quite low, and so far no deduction has 
been suggested for the vaporization of fully half the solid fuel 
into gaseous form. What , in fiict, is the efTect of the latent heat 
of evaporating carbon, hydrogen, oxygen, from the solid ? for 
this is really what happens when bituminous coal is burned. 

To evaporate carbon requires 5,817 British Thermal Units 
per pound, this being tlie difference between the calorific capa- 
city of carbon burned to its monoxide, and of this monoxide 
burned to dioxide respectively. Hydrogen and oxygen com- 
bined require 11,000 heat-units per pound of hydrogen to raise 
them from* the solid to the gaseous state. 

figure of 7,000^ units of latent heat per pound bo 
assumed for the whole of the volatile constituents of coal, that 
* 

* Possibly tho figure of 7,000 may be too high, for the carbon 

and hydrogen coni])ounds. Tho value of carlx>n is as above alx)ut 
6,000, as evidenced by the difference between the heat [produced by 
burning carbon to its first oxide, and then again to its second oxide. 
That for hydrogen must Ijo over 7,300, but tho values for oxygen 
and nitrogen are low. Lec^hatelier determined tho molecular H]jecifiic 
heats of the elements v 6-65 +a/, where a is tho constant, and t is the 
absolute temjKjrature at which tho measurement is taken, a wa* given 
by him as 0 0^1 for a consideAblo number, but he gave values for 
o =0-008, and there is ample proof in Berthelot’s great work that at 
high temperatures the specific heats of some substances may l^e double 
and treble the customary figure of 6*65. As the distillation of coal 
in a furnace is desired to be effected at at least 1,000^ or 1,500**F. (say 
to 800®C.) the specific beats will be something higher than 6'65. 
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is to say, for all that part which does not burn directly on the 
grate. This proportion was found above to bo 47 1) per cent, 
of the whole, so that, per pound of fuel, 3,290 heat-units (-470 
• X 7,000) must disappear in evaporating the volatile barbon, 
the oxygen, liydrogen, and other gases which exist in combined 
solid form in coal. 

But we have already found that the total heat genera ted,by 
the 48-84 per cent, of fixed carbon jiroduces 7,150 heat-units. 
The (litTerenee h(‘tween the heat g(‘nerated by the fixed carbon 
and that absorbed by the volatile hydrocarbons o^ these parti- 
cular Newcastle coals is thus only 3,870 units. This is all the 
heat that remains available for raising the t(‘mper?iture. 

Now we liave found an ultimate temperature of 1,584 Y;hen 
not allowing for the latent h(‘at of gasification. We must 
correct this. It is less in the ratio of 3,870 : 7,150, or 857°F. 
That is to say, if bituminous coal be burned on a grate and 
those parts of the coal which volatilize and burn as flame be 
gatherc'd unburned, the temperature of the whole jV’oduction 
of the furnaces including IS pounds of air per pound of fuel, 
W'ould only be 857"", or considerably h'ss than that nec(‘ssary for 
ignition. 

in the first place, this tells us that it is of th(‘ first importance 
to diminish the supply of air to a minimum. 

By jiassing only half the air through tlu^ grate and adding 
the remainder as reepiiredto the evolvcnl gases at a'subsequent 
point, W'c can at once practically secure double the above tem- 
perature, or say LtiOO*^', a temperature at which ignition is 
possible. Mori'over, even 9 pounds of air is 35 per cent, in 
excess of the allowance nece.ssary to burn the fixed carbon of a 
pound of bituminous coal, so that it would be liberal practice 
to pass only half the total air through the grate. SiMUi^'of the 
heat developed on the grate is at once radiated to the boiler 
.surfaces ; hence my constant contention thatjuniaces should 
be lined wholly or partially with refractory material in order 
to conserve the necessary temixTature. 

It must not, again, be overlooked that some of the evolved 
liydrocarbons do burn on the grate and at the fire surface. In 
fact, they commence to burn at once, and continue to bum to 
the end so long as conditions are mainlined favourable to 
contkiuous combustion. 

Rankine's estimate of air as fdimd in ordinary" practice was 
25 pounds per pound of fuel. The so-called chemical minimum 
is llj pounds. I have assumed 18 pounds as good practice, 
but as low or lower than 16 pounds has already been recorded 
by Mr. Michael Longridge. 
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If, however, wo pass 9 pounds of air through the grate and, 
Jay, a further 6 pounds over the grate, in tine strinims, to assist 
die combustion of the hydrocarbons, and take care that w'O 
donottibstract heat faster than it is generated by the burning* 
gases, we ought to be able to secure perfect combust ion with 
less than 18 pounds of air per pound of coal. Tlu're is no 
kngwn reason why we should not. The impossibility of smoke- 
less combustion has been widely and intluentiully urged, but 
never so much as by those engineers who cram their heating 
surfaces rigl^t upon the tire and never trouble their brains to 
inquire why it is that a thermometer .shows the .‘^ame continu- 
ous reading* of 32''F. in a ves.sel of melting ice with a llame 
und^T it until all the ic(‘ is melted. A piece of coal, like a 
piece of ice, is siinj)ly so much solidified gas, and absorbs 
heat greedily while vaporizing, but it cannot 1)0 burned like so 
much .solid carbon, but must have length and space in which 
to mix and combine with the oxygen of the air. 

The following figures, based on Berthelot’s investigations, 
will be useful in this connexion, for they show the enormous 
difTerenccs which exist between matter in its several states, 
('arbon, exi.sting as it docs free in Nature in at l(‘ast three solid 
allotfopic modifications, is a peculiarly intensting example. 
We do not know it as a licjuid or as a gas excejit in combi- 
nation. its three solid forms of crystalline, gra]>hilic, and amor- 
phous, show' by their variations of “ latent ” heat how great 
is the effect of form, even w'hen the various forms affect one 
state alone. The gaseous state of carbon and the heat neces- 
sary to put it into that state are easily argued from the difference 
of heat disengagement in the two oxidations. A.s the table 
shows, the fixidation of 1 pound of carbon (diamond) jiroduces 
3,915 ^^iti.^^h thermal units when the product is monoxide. 
The heat disengaged by complete oxidation is 14,146 units. 
The difference iof 10,231 — 3,015 r— 0,316 units, and tliis is 
obviously the minimum heat of vaporization of the diamond. 
Similarly, for the amorphous forms of carbon, the first oxida- 
tion produces 4,415 units, and the complete oxidation produces 
14,647. Here the same difference is 6,817, and the greater 
heat evolution represents the energy necessary to recrystallize 
the diamond. Thus^we learn that when the diamond crystal- 
lized it evolved heat, and we learn that the difference bc^een 
graphite and ^he diamond is* less than between graphite and 
amorphous carbon. In fact graphite is about six-sevenths 
along the road to becoming diamond. 
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Heat generated by the Combustion of 1 pound of Carbon, 


8tut« of Carbon. 

Product of Combustion. 

Britwh Thermal Units 
per pound. 

_ * * - — - 

Diamond 

Carbon monoxide . 

3,915 



„ dioxide 

14,140 

Oraphito 

»♦ tt • • 

14,222 

AinorphouH .... 

„ monoxide . 

4,415 

„ dioxide 

14,647 

Gasooiifl 

„ monoxide . 

10,232 



„ dioxide 

20,463 

2| carbon inonoxido . 


*10,231 

• 


\'j (^)nvorHi()n‘< 

Hont absorbofi. 

Carbon (diamond) . 

( las 

6,316 

„ (graphite) . . 



6,241 

„ (amorphous) 



5,817 

„ (diamond) . 

Carbon (amorphous) . 

499 

„ (diamond) . 

! „ (grapliito) . 

74-7 

„ (graphibd • • 

' ,, (amorplious) . 

'424 


Stated briefly, about half the weight of a bituminous fuel 
burns upon the grate itself, and produces half the total hq,at of 
combustion ; but that owing to the heat of formation of 
gaseous hydrocarbons, and generally to the vaporization of 
solid fuel, which absorbs so much heat, only about one-fourth 
of the total heat of combustion is sent off from the grate as 
sensible heat. The remaining three-fourths are developed 
between the tiro surface and the extreme range of combustion. 
This range varies, of course, with the short or long flaming 
quality of the coal. Anthracite coal, wliich is cntiicly of solid 
carbon, and is therefore almost wholly burned upon t ha grate, 
will produce a temperature at the surface of the grate very 
considerably higher than bituminous coal wyi produce con- 
tinuously. This is the reason why so much troumc is experienced 
with the grate bars when anthracite is used. It is evident that 
every fresh charge of bituminous coal has a very chilling effect 
upon the fire, and this is especially the case with intermittent 
firing. The chilling effect of a fresh charge of anthracite is 
rnendy that duo to the heating of solid fuel, and is compara- 
tively, trivial. The bad effect of anthracite coal upon grate 
bars is usually attributed to some specially bad quality in the 
coal itself ; but this is probably erroneous, the real cause being 
simply the high temperature, which melts the cast-iron bar. 
This explanation receives confirmation in the fact that bars go 
very qmckly when they stand above the general surface of the 
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grate, projpcting their upper edge into the body of the fire. 

The question of combustion is further complicated by the 
variation gf the specific heat of gases at high temperatures.# 

The subject has been most thoroughly investigated by M. 
Berthelot, to whose great work, Tlmmochimie^ it is hardly 
necessary to say the Author is much indebted. Tliat the specific 
heat ohgases docs increase with temperature there is now no 
doubt. At ordinary furnace temperatures the effc'ct is not 
great, but such as it is, is in the direction of keeping down 
temperatures below w hat they would appear to bo when calcu- 
lated on tliQ basis of constant specific heat at all temperatures. 

First, only half the coal is burned actually on the grate ; 
seccJbdly, the other half and the excess of air work ever to 
reduce the temperature ; tliirdly, there is the retlucing clToct of 
vaporizing half the fuel, and this is simply enormous, and has 
never before been recognized os considerable, if indeed it has 
even been allowed to suggest itself ; fourthly, there are the 
very active heat-absorbing surroundings of water-cooled plates 
or pipes. All these causes work together, wdth the further 
assistance of the increment of specific heat, to reduce the pro- 
duct^ of bituminous coal to a temperature below that at which 
perfect combustion is possible. The combined action is so 
powerful that even so-called smokeless Welsh coal will smoke 
in boilers of the Ihdlcvilh' type. 

In any case, even if the effect of vaporizing the solid fuel 
has been over-estimated, the fact remains that it nearly ap- 
proaches the figures given, and must prejudicially affect the 
furnace temperature. It teaches us at once the complication 
involved ir^ burning bituminous coal, and the hopelcHsiicss of 
those jorms of furnace that attempt to extract heat from the 
fire within a short distance of the fire itself, and this is equally 
applicable to linuid fuels which indeed are so very offensive 
if badly burned that they usually are furnished with brick 
linings for heat conservation and are burned without smoko. 


Flame Length. 

The length of flaAe from a burning hydrocarbon is Iftrgely 
determined by the intensity^of the combustion, as well as by 
the perfection of the air admixture. A well mixed gas burning 
at a high temperature will produce a short flame, whereas the 
same gas burned in water-cooled boiler flues will produce exceed- 
ingly long flames. By using suitable furnaces with refiractory 
linings, combustion may be made to complete itself in a short 
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distance. It does not follow because a certain fuel j)roduce8 a 
flame 60 or 80 feet in length that it will be necessary to line 
I the combustion space to a distance of 60 or 80 tpet.. 

The very fact of lining it for one-tenth that length might so 
promote rapid combustion as to shorten the flame to even less 
than one-tenth. Once, however, that the initial temperature 
is rcdiKU'd below a certain figure, the length of flame cwnnof be 
kept within bounds. This is important to remember, for oven a 
hot flame will be extinguished after it has encountered the cold 
tubes of a water tube boiler. In comparing water tube and 
cylinder boilers, it should be noted that the area of cold surfaces 
over th(^ fire of a cylinder boiler, cither internally or externally 
fired, is a very small proportion of the whole heating surface, 
in the ordinary form of water tube boiler, wliore the gases rise 
directly between the water tubes, the proportion of cold surface 
at oiuic encountered by them is very great. Apart from the 
errors already pointed out, the vertical rise of the gases from 
the fire is bad practice. ' 

The water tube boiler need not of necessity be thus badly 
arranged. It can be set to give the most perfect combustion. 
Perfect combustion only takes place at a high temperature. 

Flame Analysis, 

The vibration velocity of light, by which is meant those 
etheric waves which are capable of making their existence felt 
to our organs of vision, varies from four hundred billion oscil- 
lations per second to nearly eight hundred billions ; that is to 
say, about one octave alone comes within the capacity of the 
eye t o discern . 3’he lower number corresponds with the^treme 
red of the spectrum, the higher frequency with the extreme 
violet. Beyond the extreme red is a long ran|je of oscillations 
—rays uivisible to the eye — which manifest . themselves as 
heat. Beyond the extreme violet rays exist a long series of 
invisible rays known as actinic or chemical rays. These are the 
rays which are most energetic in producing chemical effects. 
They are the active rays in photography, and are those which 
produce sunburn and the like effect from exposure to electric 
light.^ As these ultra-violet rays produefi^ chemical effects, so 
are they produced by chemical action. The more intense the 
act of chemical combination, as in the burning of carbon, the 
greater will be the actinism of the light produced. Very high 
temperatures produced by combustion approach a white 
colour 'the more closely as the temperature rises, and to some 
eyes— fatigued by too much observation of molten cast-iron — 
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the clearajice of the final hot slag gives a peculiar neutral light 
lavender colour indicative of the high temperature of a common 
foundry cppola. 

The proportion of rays of any parth'ular colour in a furnace* 
will indicate the intensity of the action \vhi(‘h is going on with- 
in that furnace. It is extreim'ly difii(‘ult for the most highly 
experienced eye to disc(Tn the full action of a furnace at high 
temperature — not perhaps so much because; of inability to 
estimate the relative amounts of colour pr(‘s('nt as beeaus(‘ of 
the superalAnulancc of Iteat rays \\hi( h accompany the chemical 
rays, and generally the daz/Jiiig (‘Ifcct of even moderate tem- 
peratures. 

Tlie extreme brightness of the steel furnace has mrc'ssitated 
the use of blue or violet coloured glass to enable the workmen 
to watch the progress of the melt ^^ithout discomfort. 

Engiiu'crs hav(‘ not accepted as they ought to accept the 
teachings of ))hy.‘'iesas an aid tocorrect practic<‘. Science and 
practice'have been kept apart. In the combustion of fuels, 
this neglect of scientific f<‘aehing is almo.st univcTsal. The 
combustion of fuel, (‘sp(rially of bituminous coal, is carried 
out along (‘xtremely unscientific lines. The assertion is some- 
times made that the hydrog(*n of bituniinous coals cannot 
Im' count(‘(l upon as usedul calorilically. This conclusion is 
erroneous. 

Hydrogen ignit(‘s so very much more readily than carbon, and 
at so low a t(miperature, that the probability Is the hydrogens 
do burn, and in doing so they snatch the available; oxygen 
from the surrounding air and deprive the nascent carbon of 
any opportunity of combustion, cau>ing it to dejmsit as soot. 
Unless there i.s sufficient t(*mperature there is no hope of burn- 
ing TJitiiminous coal or oil, as it very easily can be buriu'd, 
without the formation of .smoke. Temperature is so closely 
connected witTi actinism that th<; analytical investigation of 
the light of a furnace will give a fair insight into its conditions 
of temperature. By means of transparent media of suitable 
composition light may be analysed in a maimer that will afford 
great assistance in arriving at sound engineering conclusions 
and practice. Such media are coloured glasses. A ruby- 
coloured glass will*cut off all rays of light of higher vibration 
than ruby colour. Only tjie lower end of the spectrtim will 
be visible tllrough such a glass. On the other hand, by means 
of a violet-coloured glass, all the less active rays than violet 
will be eliminated, and the most brilliant of furnaces may be 
thereby rendered easily vi.^^ible, its interior Ix ing coloured the 
peculiar lavender grey colour, or approaching this tint, which 
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marks the ultra-violet end of the spectrum. The mpre perfect 
the combustion, the larger will be the proportion of violet 
flight emitted by the flames. , c 

In a well-designed furnace, the whole internal surface of 
which is brilliantly incandescent, light proceeds from every 
portion of the area and from the flame itself. There are no 
non-luminous areas. Occasionally in the mass of flame dark 
streaks may be seen. These represent streams of burning 
gas, which, while incandescent, arc below the violet stage. 
They may bo traced to a point of disappearance, and they 
would probably radiate some light if the colour of the glass 
were less violet and more blue. 

Let the observation now bo transferred to a less pcffect 
furnace, such as that of the common setting of the water tube 
boiler, where the tlames rise vertically among the tubes from 
the grate surface, and good combustion is impossible. With 
the unprotected eye the flames will appear to be giving light 
all the way from tlie fire surface to between the tubes. Com- 
bustion appears fair. If, however, these light-giving flames 
be examined by the aid of violet glass, they will be cut down to 
short tongues of flame projecting but little above the fire sur- 
face. Even these tongues of flame give forth little illumination. 
Above the flames the gases appear to be simply dark-coloured 
streams of gas, soot laden and murky. The violet glass or 
analyser has cut out all the rays of small actinic power and 
small temperature, with the result that the only remaining 
light rays are those immediately above the furnace. 

The etfect of radiation is to cool the flames below the range 
of violet long before they have risen to the level of rtho tubes. 
Apparently there is nothing but radiation to explain tl ie r cduc- 
tion of temperature. 

This method of analysis of the products of ^le fire is useful 
not merely because it enables a furnace interior to be visually 
examined with case and comfort, but because it shows so 
clearly the effect of a good design and the bad influence of 
premature cooling. It affords most conclusive testimony to 
thb benefits that accrue from proper design, and should be an 
effectual silencer of those who argue that smoke is one of the 
unfortunate inevitables of combustion in flace of being but a 
proof of ignorant and careless design and neglect of the plainer 
principles of chemical science. 

The use of violet-coloured glass is essential. It is not 
simply that it is requisite to reduce the amount of light which 
meets the eye and renders vision impossible. Such a result 
could be attained by means of glass otherwise coloured, as by 
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smoke, so .that it is less transparent, but stUl not diffusive, as 
“ ViS 4a's*or the higher blue colours are necessary becaus.?. 



and beyond the furnare i-harnlK-r to travel iKdore they reach any w-rl u» area J'f ^ 

droearlxjn goaea have thun t^.iiii)»*rat«re, and there ia 


h^dS^^oVgiiS h-o thuH a long ,f;y^-Vrdgh 

holler un be flxi’<l the oSnnpt- eXnthU h. eorn^ R-^ 

In wut« 


■e«enth the ^ate^t . ‘rnaw* 

n be Bxe<l eniier ir<-iii Y ’ .T:uV/.i.'*u.ntliLl to Dcrlfct coinbimtioti. The loir gawa 

,1th coal- • D~Wr-*c 

. 48 7;. <8 75 m Y 

Qrate surface j I * 


Ratio to 4 -^; u.t. 

.. . a 21 forced (M.nal. ,,.2 

Funnel draught . is:w 13'2 • 

Calorific value of coal -2 2 29 ,v q in 

Coal ner Muare foot ])er hour . . • on'iih 10'7 lb. H Oli lb. ^'l iv 

Evapwatlon per lb. of cxial from and at 212 i2’) lb fi’918lb. lH27lb. 6»0lb. 

DlSrper square foot heating surface . • (j5 , 74 

Boiler efficiency . . . • • j2 In. ^2ln. •rni^F 

Firethlckncaa ..•••••• !: 789'F. 0;J0'F. F. 

Funnel temperature ^ 2Hr» 2ol 

Steam preasure, Ib^ 

.1 ttair n~»“y "“Y'IKS' 

say that light rays^that can 
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the violet df^groo of actinism must bo very fully developed if 
combustion is to bo perfect, and this degree of actinic effect 
^cannot bo associated with temperatures that can J)e ^secured 
in any furnace? so arranged that the gases rise vertically from 
the? grate surfac?e to pass betwe?en tfie‘ water pipe's before they 
lum? be*en tlinroughly commingleHl anel beirned in a free space. 



8. KiNOBLMAieM’s Smoke Chakt. Ko. 0— All White. No. 6 — 
All l^LACK. 

• 

Thus file ordinary arrangement of water-tube boilers is abso- 
lutely hopeless and impossible. A single inspection of such a 
furnace through the analyser will effectually convert any open 
mind> and point tho necessity for better practice. 

Mr! Weir, of Glasgow, designed the small tube boiler shown 
in the Fig. 7, with the necessities for combustion before him. 
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It will be observed that in this boiler tlie gases from the coal 
must pass through a large firebrick-lined furnace and com- 
bustion chamber before they reacli the tubes. Combustion 
is thu» assured by a sufficient conservation of temjH'rature, 
The principles which underlie perfect combustion arc here 
assured, and smokelessness r(‘sults. The same principles 
apjdiid to liquid fuel are followed by equally happy results. 

Jbit in recent practice \\itli liquid fuel it is found possible 
to attain very good combustion with little or no smoke without 
fire-brick Ihiing to the furnace. See tiie latest practice of tho 
Wallseiid ^lipw^ay and EnginecTing Co. 

Ringelmann H Smolr Chart. 

This chart (fig. 8) is very useful as a means of comparing 
smoke. The chart should be ruled in s(juares of about eight 
inches, and hung about 50 feet from the observer, at which 
distance each square assuines a uniform tint all over, the rulings 
being indistinguishable. There are six cards in a set No. 0 
being all white and No. 5 all black. 

TIk' proi)ortion of the lines is as follow's — 


No. 1, 

Black lines 1 mm. thick, spaces 

9 inin. wido 

No. 2. 

„ „ 2 3 mm. „ 

„ .. 

No. 3. 

„ „ 3-7 

„ „ 

No. 4. 

„ ,,55 

4 .'■) „ „ 


The illustrations are reduced from a larger size, and the pro- 
portion of black and whiter is of course preserved. 

In marine w ork smoke may be observed by means of w indow's 
placed iif the uptakes. An incandescent lamp on the other 
sido^of the uptake should be visible through the smoke. It 
should not be perfectly clear, for an entire absence of smoke 
may indicate m excess of air. A slight smoke indicates, when 
conditions generally arc good, that air is not greatly in excess. 
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CHAPTER VII 


0 I L F IJ K L AT S K A. 

Oil Storage on Ships. 

• 

O bviously tho (lou])lc bottom of a ship now used for 
water ballast is the place in which to carry oil fn(‘l, heaving 
otber spaces free. 

As each fuel tank is emptied it can bo filled with water. 
Lloyds’ Register of Shipping publishes certain rules apjilicablo 
to existing vessels, which should be studied. As tljoy may 
be changed from time to lime, they arc not given in this book. 
Both Lloyds and the Board of 'J’rado place only necessary 
safeguards, and do not oppose the use of liquid fuel. 8ir 
Eorjescue Flannery states that the peculiarly jicnetrativo 
qualities of refined petroleum do not attach to the mor(‘ viscous 
fuel oil, which he avers to be as easy to retain as water by the 
same class and quality of riveted work. 

Additional water-tight subdivision is, however, advised as 
a safeguard against the scend of a half-empty oil tank, but in 
small or medium ships the usual subdivision is thought suflicient. 

In the system of storage adopted on the s.s. Murejc, a vessel 
wdth all ter tanks adapted to carry (*ither general cargo or 
refiimd oil, but not originally planned for using liquid fuel, for 
w'hicn purpose she was converted by the Wallsend Slipway 
and Engineeriim Company, there is no double bottom below the 
cargo tanks, which extend to the skin of the ship, but the bottom 
is double below the engines and boilers, and coffer-dams are 
put in at the fore and aft ends of the cargo space, and, with the 
fore and aft peaks, have been arranged to take the fuel oil. 
Service tanks were placed in the ’tween deck.s. • 

A flange on deck is coupled up to the pipe from the store 
tank, and oil passis by pipes to the various tanks, whence a 
pump lifts it to the service tanks, which are provided with 
overflow pipes, steam heater coils, and water drain pipes. 

All leakage in the power compartment is intercepted by the 
drainage wells, so that the ordinary bilge is kept free. These 
intercepting wells have their own suction and delivery pipes, 
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In a regular oil tank steamer on the Flannery-Boyd system, 
the oil to be used is carried in the fore and aft pe§iks and in 
the ballast tanks under the engines and in the cUvision bulk- 
^heads, the cargo of oil being carried in the remainder pf the ship. 

Between the oil tanks and the remainder of the ship it is con- 
sidered necessary to place a coffer-dam. In a tank steamer 
the rest of the ship means the engine and boiler compartments. 
This coffer-dam is two transverse stiffened bulkheads ex^uding 
across the ship and properly filled with water as a safeguard 
against leakage of oil. In practice this coffer-dam is often 
filled with fuel oil, a practice upon which doubts may be ex- 
pressed, for apparently tins destroys much of th« safety in- 
tended to be given. Oil fuel is also carried in the double 
bottom below the engine com{)artments, which again is a p*oint 
open to discussion, for a vessel might be so injured by going 
aground as to flood the boiler comparlmcnt with oil with risk 
of explosion. 

It is safer practice to exclude oil from both the power com- 
partment bottoms and from the coffer-dams, the latfer being 
kept perhaps narrower than they are now. 

Where the oil is of a specially heavy class, there might not 
bo much risk if it did leak into the firehold, and good residyium 
or astatki would bo something of a safeguard between the 
main tanks of crude oil and the boiler room. Be this as it 
may, the presence of a narrow water space outside the oil 
fuel coffer-dam gives a better margin of safety. 

The riveting of oil-tight plating is usually 3 to 3J diameters 
in pitch. Old ships, to be rendered fit for oil carrying, which 
have rivet spacings of 7 to 8 diameters, may thus have a new 
rivet put info each spacing. Such sliips usua% require 
additional deck beams, as a rule. Ships should have no^ lass 
than eight water-tight compartments, and the separating 
bulkheads, if oil tanks, ought to be connecte(^directly to the 
skin of the ship, all possible empty spaces being avoided. Oil 
is tilled into tanks so as to stand 2 feet above the upper deck 
level in the expansion trunks. The gases driven off from oil 
are heavy, and settle at the bottom of any space into which 
they obtain access. Ventilation is required to get rid of such 
gases. Air should bo admitted through cowl heads to the upper 
part of the place to be ventilated and remo^red from the lower 
part. it. will dilute and carry off the accumulated gas. Such 
air outlets should have induction openings to assist* the current. 
The general direction of air movement in a ship is from aft 
forward, and advantage may be taken of this in arranging the 
ventilation. 
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Great care is needed to joint all oil pressure pipes carefully. 
The screw threads should be good, and ought to make tight 
joints with only a little smear of litharge and glycerine, or ^ 
Venetian red and shellac. Pipes must not bo concealed be- 
neath floor plates, in bilges, or behind casings, but ought to 
be fully exposed to view. 

^^il cargo being so easily mobile with movement of the 
ship, it is necessary that the tanks should be full, so that there 
‘may be no surging. Hence the use of expansion trunks to 
permit of thft, and allow expansion without waste or pressure 
being the result. Surging plates must be employed in those com- 
partments, which may not be always full, as the fuel tanks, and 
no compartment should occupy too much of the length of a ship 
without a bulkhead. Similarly bulkheads are stiffened from 
one to the other by longitudinal plates, which check transverse 
surging, or scending. The ordinary cargo boat, when fitted for 
fuel oil, is re-riveted when necessary, and the oil fuel is carried in 
the double bottom, and can be replaced, as consumed, with 
water ballast. Oil is also carried in the fore and aft peaks. 

f , 

Oil Simmers. 

9 

One of the best examples of an oil steamer isthes.s. TrocaSy 
which has been fitted for liquid fuel by the Wallsend Slipway 
and Engineering Company, Ltd., the system adopted being 
the Flannery-Boyd with Rusden & Eeles burners. 

The ship is an oil-carrying vessel of 347 feet in length and 
45-7 feet beam, and at full load carries 6,000 tons of oil. 

One of the greater obstacles in the way of fitting old steamers 
with liquid fuel-burning arrangements is the difficulty of con- 
structing suitable spaces to carry the liquid fuel. Ordinary 
coal bunkers are of course not suitable, as the riveting and 
plating is not Ml-tight. In the Flannery-Boyd system the 
oil is carried in all the ballast tank spaces throughout the ship, 
namely, the fore and aft peaks, the double bottom ballast tanks 
under the engines and boilers, the forward ballast tank adjacent 
to the fore peak, and the forward and aft coffer-dam. • 

The main difficulty in carrying liquid fuel in these spaces 
ia that some water alf^ays remains in a ballast tank, owing to 
the difficulty of completely draining it. This water becomes 
mixed with the liquid fuel, S-nd passing to the burners causes 
dangero^ explosions, and generally puts out flame. It is 
therefore necessary to eliminate the water. To do this two 
nettling tanks of large capacity are placed in the ’tweern decks 
amidships, ^jacent to the boiler room bulkhead. These tanks 

I 
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are" fitted with heating coils to enable the liquid fuel to be 
heated to a sufficient temperature to allow of the stater freely 
separating. The water then settles to the bottom of the tank, 
and can be drained off. • 

Each tank is made of sufficient size to contain half a day’s 
supply, so that half a day is allowed for the water to become 
separated. From these separation or service tanks Jbhe- oil 
gravitates to the burners, and is sprayed by a jet of steam. 

Each furnace is fitted with two burners, and the furnace 
arrangements are such that the complete coal burning gear 
remains intact when burning liquid fuel, so that the system of 
either coal burning or liquid fuel burning can bo rt?sorted to at 
will. 6 

If the vessel is burning liquid fuel, and it is found necessary 
from economical reasons to resort to coal burning, it is only 
necessary to rake a few broken tire-brieks from the bars and 
disconnect the burners and light a coal fire. This operation 
can bo carried on without stopping the vessel at «ea ; the 
whole operation in a large vessel can be carried out within an 
hour. 

The s.s. Trocas has three largo single-ended boilers and one 
donkey boiler. The largo boilers have each three furntices, 
and the small boiler has two furnac(‘s. All are fitted for liquid 
fuel. 

The question of safety and flash-point is of importance. 
The British Admiralty did require a flash-point of 270°F., 
but now accept a minimum of 175°: Lloyds’ register, of 200°, 
now reduced to 150"\ while the German authorities have 
accepted as safe 150°. Fuel of the lower flash has been in 
constant use for four years in British and Dutch ^nercantile 
vessels, with complete immunity from accident. It is not 
desirable to fix a flash-point higher than is really necessary for 
safety, because high-flash pohits are obtaiii^^ by removing 
the more volatile parts of the liquid, so as to leave a thick 
and sluggish residuum, which requires much power to pulverize 
it. The London County Council ask for 150°. 

Comparative Advantages for War Vessels, 

Sir Fortoscue Flannery says : “ The problem that confronts 
everyi designer of a warship is the combination of the maximum 
speed, armament, ammunition supply, protection, and range 
of action in the smallest and least expensive hull, and any 
reduotion of weight and space of these is a saving which acts 
and reacts favourably upon the problem. The comparisons 
between coal and oil fuel realized in recent practice are that 
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2 tons weight of oil are equivalent to 3 tons weight of coal, and 
36 cubic f^t of oil are equivalent to 67 cubic feet of coal as 
usually stored in ships’ bunkers ; that is to say, if the change^ 
of fuel*be effected in an existing war vessel, or applied to any 
design without changing any other of the data than those 
affecting the range of action, the range of action is increased 
50 4 ^ cent, upon the bunker weight allotted, ami nearly 90 
per cent, upon the bunker space allotted. 

“ The coal protection of cruisers, if an advantage — a matter 
of opinion—nvould disappear with the use of liquid fuel, be(‘ause 
it would be for the most part stowed below the water line, if 
not wholly* in the double bottom. The double bottom and 
otluir spac(‘s, (piite useless except for water stowage, would bo 
capable of storing liquid fuel, and the .spjvce now' occupied by 
coal bunkers would be available for other uses. 

The ship's complement would be reduced by the almost 
complete abolition of the stoker element and the substitution 
of men of the leading stoker class to attend to the fuel burners 
under the direction of the engineers, and the space of stokers* 
accommodation, their stores and maintenance, w'ould be saved. 
The number of lives at risk and of men to bo recruited and 
trained over a long series of years w'ould be reduced, without 
reducing the mameuvring or offensive or defensive power of 
vessels of any class in the fleet. 

“ Re-bunkering at sea — so anxious a problem with coal — 
would be made easy, there being no difficulty in pumping from 
a store ship to a warship in mid-ocean in ordinary weather. 
Three hundred tons an hour is quite a common rate of delivery 
in the discharge of a tank steamer's cargo under ordinary 
conditions* of pumping. 

“The many parts of the boiler fronts and stokehold plates, 
now so quickly corroded by the process of damping ashes before 
getting them o^^rboard, would bo preserved by the action 
of the oil fuel, and the same remark applies to the bunker 
plating, which now so quickly perishes by corrosion in way of 
the coal storage. 

“ Liquid fuel, if burned in suitable furnaces with reasonable 
skill and experience on the part of the men in charge, is smoke- 
less. It is easy to produce smoke with it, but this is evidence 
of its being forced in combustion, or of the detailed arrange- 
ments of the«fumace Tbeing out of proper proportion to each 
other. In regard to smokelessness, it is, when used under 
conditions customary in the merchant service, not inferior to 
Welsh coal, and superior to any other coal ordinarily in lise. 

“ The cost of oil in the East is less than the cost of Welsh 
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coal when the cost of transport and Suez Canal dues are added 
to the original price of coal as delivered in a WelA port.’* 

• It is only since Texas oil has been discovered that the success- 
ful competition of oil has appeared probable to the ^esf of the 
Suez Canal. In the mercantile marine advantage is gained 
by a reduction of the stokehold complement, a crew of thirty- 
two being reducible to eight. ^ ^ 

Fast Atlantic liners find it difficult to get coal to their boilers 
for the firemen to bum, and they lose time in consequence, even 
when their engines and boilers are in perfect Order. This 
difficulty disappears with oil, and there is a saving of space 
previously occupied by men and stores. 

Allowmg 3 tons of coal to be equal to 2 tons of oil, a first-class 
Atlantic liner will gain 1,000 tons for freight, as well as the 
whole of the bunker space. That is, with oil in the peaks 
and ballast tanks, there will bo a gain of 100,000 cubic feet of 
paying space, and for most ships at least a fourth of the coal 
bunker space could bo used for cargo. There is in* addition 
the saving in time when coaling. Oil is pumped in without 
the help of a man. No fires require to be cleaned ; there are 
no ashes to bo removed. 

Fires made by oil are perfectly steady, the steam pressifre is 
constant, while tlie temperature of the stokehold in steamships 
is lower, since the furnace doors are never opened and hot 
cinders are not pulled out into the room. 

The loss of heat up the stack is reduced owing to the clean 
condition of the tubes and to the smaller amount of air which 
has to pass through the furnaces for a given calorific capacity 
of fuel, and there is a more equal distribution of heat in the com- 
bustion chamber, as the doors do not have to be opened ; con- 
sequently there is a higher efficiency. The heat is easier on 
the metal walls of the boiler, being better diffused over the 
whole surface. ^ 

The cost of handling fuel, by pumps, is reduced. 

No firing tools or grate bars are used,^ to damage the furnace 
lining. 

No dust fills the tubes to diminish the heating surface. 

The fire can be regulated from a low to an intense heat in 
a short time. ^ 

Many factories in Pemisylvani{v and Ohio had to increase 
their boiler capacity by about 35 per cent, whefi returning to 
the use of coal on account of the high cost of oil. 

^ bars may be employed, under certain conditions, as explained 
elsewhere. 



CHAPTER VTII 

MURINE FURNACE GEAR 

T he use of steam or of air for atomizing is a mixed ques- 
tion. St<‘am is more convenient, and is naturally first 
used, but it becomes so severe a drain on the fresh water supply 
that it is practically inadmissible at sea. 

The claim that its oxygen is s(‘t free by the fire and burned 
with advantage to the evaporative efficiency of the boiler 
cannot be allowed. 'I’hc dissociation of water or steam absorbs 
exactly as much heat from the fire as is given back by the re- 
combination. 

Some makers of atomizing apparatus claim to secure a softer 
flame with steam, but so far as our chemical and physical 
knowledge extends, air ought to be superior. It requires, 
however, to be first cornprc'ssed, and it is desirable that it 
should be heated to near the oil flash-point, so that the oil may 
bum freely as soon as atomized. 

Ships in the Caspian Sea use steam, but are never far from 
land. Fuel may be injected under pressure and break up against 
an obstaeje at the furnace mouth, or it may be vaporized by 
heat before reaching the furnace mouth. 

In Mr. Howden’s modification, fuel is injected under pressure 
mixed with air previously heated by the waste chimney gases, 
and this system has been fitted to the North German Lloyd 
steamers Tanglier and Packman ; by Workman, Clark & Co., 
of Belfast. 

In the s.s.Murex already named, which arrived in the Thames 
in the spring of 1902 from a voyage of 11,800 miles, from Singa- 
pore via the Cape, the furnaces were never touched. Her coal 
consumption averagtli 26 tons per day. With oil fuel the daily 
consumption is 16 tops only. The fuel supply arrangeJnents, 
Fig. 9, consilt of steam pipes A A A A, oil pipes BEBB, and 
burners C C C C, hung on swivels D, so as to be adjustable in 
position, and to allow the doors to open upon the same axis or 
hinge centre. Coal can be reverted to, when the burner orifices 
FFFF Bxe closed by the pivoted slides. In Fig. 10 is shown 

ut 
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the brick work H H in the form of pillars and arcf\ps against 
which the flames first impinge, ki K K are further baffle 
•bridges to keep the flame from too severely striking tjie 4?ack of 
the combustion chamber carrying the stay nuts, the tube ends, 
rivet seams and parts liable to injury from excessive local heat. 
The form of burner is the 

Rvsden-Eeles 

typo, Fig. 67, with adjustable annular orifices both for steam 
and oil (see Chapter XIX). They poss(‘ss tlie quality of ad- 
justjibility while at work essential to secure the nlost perfect 



possible conditions of combustion. The oib annulus is sur- 
rounded by a steam jacket, and steam enters the middle cham- 
ber and escapes into the furnace romul the central stem, which 
is drawn back by revolving the end wheel and allows an annular 
spreading steam jet to escape round the flaring end of the 
stem. Oil finds its way to the little ring chamber immediately 
at the nozzle, and is directed down the sloning ends of the slide 
direotlv upon the steam jet which pulverizes it and spreads it 
in the lumaoe. The oil slide is dra^^m back by rotating the larger 
handle. 

Interchange of Coal and Oil. 

To permit the ready interchange of coal and oil the s.s. Trocae 
with fitted as in Fig, 11, the coal grates remaining and being 
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covered w^th 8 inches of broken brick. The brickwork J5, (7, 
and D always remains in place. 

To c^iai^e over from oil to coal the burners are swung back^ 
to clear the furnace door, the broken brick is raked out, and 



Fig. 10 . ARRANGEMI|fT OP FURNACE BRICKWORK, fl 8. " MUREX.” 

I 

f • 

ordinary coal firing resumed. In twenty-eight minutes after 
steaming full speed under oil the Trocas was again at full speed 
under coal. , 

It is, however, found as the result of experience of long 
voyages that it is better not to let the firebars remain in when 
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Ufling oil, for, at the worst, the change over can be^ade in a 
few hours, and better results obtained from oil with the more 
^approved arrangement. The general arrangement ,of .the s.s, 
Trocas is that of Fig. 10. 

It is estimated by Sir Fortescue Flannery that the atomizing 
steam will amount to 0 2 pound per i.h.p. per hour. The waste 
is made up by largo evaporators, usually in three interckccTige' 
able sections which should bo worked steadily. 

Two burners in each furnace are found to give blotter results 
than one larger burner, being more easily adjustable and 
maintaining continuity of flame. There is also greatly dimin* 



ished chance of extinguishment of the flames by an accidental 
access of water from imperfectly dried oil. 

The Flannery-Boyd System for Steamships. 

^ The cliiof object of the system is to separate from the oil 
fuel the water which may have become mixed with it in any 
manner and also to enable oil fuel to be carried in ballast tanks 
or other compartments where water is ustally carried. 

To get rid of the water two or more settling tanks are used, 
in which the oil remains a sufficient length of time to permit 
of the water depositing. In each tank is a heating apparatus 
to a4$^t the action, for by heating the oil the water is more 
quickly deposited, owing to the expansion of oil being greater 
^an that of water, and because the oil is made less viscous by 
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heat. Two or more tanks must be used, so that while the 
water is bSing deposited in one tank the dried oil in the other 
may be. fed to the burners. The system is applicable to anv^ 
system* of *burning oil. 



Fig. 12 shows the various pipe arrangements, the oil feed 
pump 3 drawing from the ballast tank 1 through a pipe 4 
and delivering by pipes 6 to the service tanks 22, whence the oil 
gravitates by way of pipes 7 to the oil burner supply pipes 9. 







Fiff. 13. Gekebal Arranoement of Oil Tank Steamer, S S. New York 
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Overflow pij)cs 13 carry back any surplus oil to the main tanks, 
and separated water is discharged by pipes 12. 

The sjgrvice pipes arc kept free of pressure by vent pipes 14, 
carried up*several feet. 

The general arrangement of an oil ship is shown by a fairly 



Fig. I3a, Midshi^ Section of Oh. Tank S.S. New Yori:. 


recent example, the s.s. New York^ Figs. 13, 13a, built by the 
Palmer 8 Shipbuilding and Iron Company, Ltd., of Jarrow-on- 
Tyne. In this class of vessel all the seams and butts of tl\e shell 
plating, decks, and bulkheads are riveted, and the rivets are 
spaced, for oil tightness, 3i diameters centre to centre, instead 
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of 4 diametora as required for water-tight work. Sjjecial care is 
also taken to avoid as far as possible any rivet passing through 
r more than two thicknesses of plating. The vessel i^^ divided 
into eight pairs of oil tanks with expansion trunks for each pair. 
There is a coffer-dam at the back of No. 1 tank, separating it 
from the power department. A small hold for miscellaneous 
cargo is placed forward by No. 8 tank, from which it is separated 
by a coffer-dam. The oil tanks are divided along the centre 
lino of the vessel by an oil-tight bulkhead, so that there are 
really sixteen oil cargo tanks. The length of the New York is 
428 feet between perpendiculars, the breadth 54 fpet 6 inches, 
and the depth 22 feet. The water ballast tanks extend the full 
length of the sfiip below the oil tanks. Coal bunkers art pro- 
vided on each side of the engine and boiler compartments 
and also forward of the boilers, between the boiler compart- 
ment and the after coffer-dam. 

I 

The Orde Syntem. 

In Figs. 14, 14a, 16, are shown various arrangements of oil 
fuel burning by Sir W. E. Armstrong, Whitworth, and Co., of 
Newcastle-on-Tyne, according to the system of Mr. C. E. L. 
Orde. 

Fig. 14 shows the gcm'ral arrangement for a water tube 
boiler. Steam, superheated in the casing by means of a pipe 
carried round the steam dome, is taken to a subsidiary steam 
header, whence branch pipes issue to five separate burners. 
Oil is fed by similar pipes from a second header supplied from 
the bunker or oil tank through a heater on the rjght. Tliis 
contains exhaust steam, and Jieats the oil on its way to the 
burners. The oil is drawn off from the tank as in Fig. lia, by 
means of a floating arm, wdiich always takes tlie highest oil from 
an area w hich is heated by a steam pipe coil placed under the 
intake of the oil pipe. A small pump forces the oil to the distri- 
bution system, a relief pipe carrying any excess back to the 
pump suction. Air, heated in the ashpit through which the 
^pipe is laid, is supplied to the burners by a separate pump on 
the left. The copper steam pipe to the float is flexible to tUlow 
for the float movement, and the float i^kept steady laterally 
by a piece of angle iron bent to a^circul^r form to suit the path 
of the float arm. Blow- through steam pipes ^re fitted for 
clearing the oil pipes when required. The atomizer, Fig. 16, 
is tjpiple, oil entering through the centre passage, with needle 
regulating spindle. Steam comes outside the oil through an 
annular passage and air is introduced outride the whole, the 






MARINE FURNACE GEAR 


143 


mixture being blo'wn through the spreading orifice as spray. 
The oil doe« not come through as a solid jet into the com- 
bining nozzle, but as a thin annular shell jet easily atomized. 
The atorflizer, however, differs from some others which admit 
air at the centre. The illustration shows the latest pattern 
(1911). 

Hichly superheated steam is intendtxl to be used (preferably 

The annexed table from a paper by Sir F. Flannery, in the 
Transactions f)f (he Instiiviion of Naval Architects, gives a few 


results. 

• 






• 

SInp. 

SyHtom. ! 

1 Oil por 
i 1 II. C 
jxT hour. 

* Ci.rtl 

pi-r 

, inp. 

; 1 

Hoating I 
Surfnor. j 

1 

I.If.I*. 

lN*r cont. 
of gain 
by u»« 
of Oil. 

F. C. Lrtois/. 

1 

Kdrting . | 

Ih. 

1-408 

1 lb. 

; 1-93 

aq. 0. 1 

7,560 i 

1 

2.200 

1 27-0 

Sitlionia , 

Howden . 1 

l-OO.'J 

; 149 

0.924 , 

2,500 ! 

i 28-0 

Murex . . • 

Husden- 

13 

j 25 torifl 

5,202 

" 

30 0 

Syrian 

Eeles 

10 tons p.d. 
1 32 

^ p('r tlay 

2,480 

HOO 



Khodounp. | 

()r(l(' . . 1 

1 -08 

1 1*C7 

2,700 

900 

35 5 


In each case, except the Sithmiia, which had quadruple 
engines, the engines were triple expansion. 


Ixincashire Boiler with Orders System. 

The Lancashire boiler as arranged by the Wallsend Slipway 
and Engineering Company, for burning oil with or without a 
grate, is given in Fig. 16. 

A single injector is applied to each furnace door, the grate is 
coverad with broken brick, and at the middle of its length 
a brick baffle is built, round and through which the flames 
escape, and after passing a low bridge at the rear of the grate 
escape unimpeded. 

Without a grate, the furnace is fitted with a brick oven and 
striking bridge, beyond which is a cellular baffle of brick 
which gives a final mixing to. the gases before they are quite 
consumed. 

A gravitation tank is placed about 10 feet above the level 
of the atomizers, with*suitable valves, vent pipe, overflow and 
gauge. The Siipply pije to •the atomizer has a strainer in its 
course. 

These various arrangements differ very little from those of 
other engineers, the chief object being the atomizing and the 
arrangement of the fire-brick oven and bridges. 
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The Wallsend System of Oil Burning* 


In the latcRt practice of the Wallsend Slipway En- 
gineering Co. the 
} [ V I oil is injected into 

1 I I I V, h furnaces (Fig. 

/ I ? P under pressure 

^ I h y means of 
* rfl I I / pump^s, no steam 

4J| ,j f ^ c i) e i n g u s e d i n 

^ ^ atomizing the oil, 
^ ^ .^f2 hut only steam to 

drive t h e ' f u e 1 



pumps and to heat 
the oil in the 
heaters. 

After the steam 
has done its work 
it is delivered to 
the condenser and 
there is no Ipss of 
fresh water. 

There are no air 
compressors o r 
blowers required, 
the only working 
parts being the oil 
fuel pumps them- 
selve^, so that 
wear, tear and 
breakdowns are 
t!:educed to a mini- 
mum. 

The liquid fuel 
is drawn from the 
storage tanks by 
duplex pumps. 
On its way to the 
pumps the oil 
passes through a 
duplex filter, ar- 
ranged that each 
side can be cleaned 
whilst the other 
side is in use. 
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The pumj) delivers the oil first to a receiver of sufficient 
capacity to ensure ite discharge to the burners under a steady 
pressure^ From the receiver the oil passes througli tlio main * 
steam heater. 

The temperature of the oil on leaving the heater is recorded 
and the oil then passes through a discharge duplex strainer of a 
similar design to the suction strainer and thence to the burners 
(Fig. 18), to which are fitted special air distributors. These 
consist of an inner and outer cylinder having vanes fitted 
between them. 

These vanps are arranged specially and give a rotatory 
motion to the air and oil spray. 

Twcf sets of nozzles arc supplied to allow a wide range of 
power being developed by tlic boilers. 

The air distributors are a^ljustable so that the amount of air 
entering the furnaces can be regulated to a nicety and complete 
combustion obtained. 

Tests carried out on this system by Professor Barr on Messrs. 

J. Howden & Co.’s works boiler at Gla.sgow showed 16 22 lb. 
of water evaporated per lb. of oil burnt from and at 212°F. 

As {I result of Messrs. J. Howden & Co’s experience with the 
system they have decided to fit the Wallscnd System as shown 
in Fig. 17a in conjunction with their closed system of forced 
draught. 

In this and Fig. 17 it will bo noticed that there is now very 
little brickwork in the furnace of a marine boiler, and that the 
whole circumference of the furnaces is available as heating 
surface. 

This is possible with the fine atomization and air mixture, 
combustion being ell advanced before the conical spray reaches 
the furnace plates. When there are no firebars the whole of 
the fumade surface^is efficient as heating surface and the lower 
part of the boiler is thus kept hotter than when the ashpit 
bottom is shielded by a grate. Each spray nozzle has its sur- 
rounding annular air passage with wdiirl vanes, and this keeps 
the outer trunk cool. A protecting face of brickwork is em- • 
ployed as shown. 

The annexed table gives the results of the tests above re- 
ferred to and made ^ Messrs. Howden’s works boiler of 
11 ft. diameter x lift. Gin. long with two 39 inch furnaces 
and a total heating surface of 1,358 sq. ft. The steam was 
stated to be dry, or nearly so.^ 

* The dryness was tested by calorimeter, but the author places no 
rdiance on any known system of taking samples of steam out of a 
steam pipe. The sample passed to the calorimeter cannot be known to 
be accurate. 
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It will be noted that the weight of oil per hour figures out at 
nearly 46 lb. per square foot of cross section of furnace 
in trial 1, and 31 lb. in trial 2 with lighter draught. , 
Reckoned on the longitudinal section of the furnace as though 
each furnace had 20 sq. ft. of grate area, as it might have 
with grates, tlio fuel per square foot per hour works out 
at about 23 and 161b. re.spectively, or a heat production per 
square foot of “ grate ” of about the equal of 30 and 21 lb. of 
coal. 


Summary of* Results of Trials of the VVallsend Patent 
Liquid Fuel Burning System working with Howden’s 
Forced Draught. 


Duration of trial . . . hours 

NiuuIkt of burners per furnace . 

Class of oil U'^ed . . (Scotcli) 

Calorific value (nett) of tlio oil 
ILT.r. 

SpwMfic gravity of the oil at ()(f F. 

Sn^am pressure . lb. per sq. in. 

Ave^^go tcnipcraturo of food 
water d(-g. F. 

Pressure of air entering furnaces 
in. of water 

Temperature of air entering fur- 
naces deg. 

Description of smoko at chimney 
top 

Temperatuip of gases at the foot 
of chimney . . . .deg. F. 

Weigtit of oil burned per hour lb. 

Weight of oil burned per hour 
per biu*ner . . * . . .lb. 

Weight of water evaix»rated per 
hour lb. 

Weight of water evaporated per 
lb. of oil burnt . . . .lb. 

Equivalent evaporation from and 
at 212‘»F lb. 

Equivalent evaporation from and 
at 212®F. per sq. ft. off^ieating 
surface per hour I . Ib.^ 

Thermal efficiency of boiler . .* 


One No. 18 
I’lunphcrston 

18,770 

0-868 

LW 

115 

in. 

190° 

Very light to 
none 

488° 

932 

466 

13,050 

1400 

15-91 


10-92 

82-3% 


One No. 10 
Purnpherston 

18,770 

0-868 

155 

120 

I in. 

185° 

Very light to 
none 

420° 

633 

316-5 

9,000 

14-22 

16-22 

7-55 

83-9% 


The arrangement of the Wallsend System to a marine boiler 
of Scotch type is given in Figs. 19, 19a, and the general arrange- 
ment for a water-tube boiler is given in Fig. 20. 
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The K6riing System. . 

, In this system, as fitted to the Hamburg- American s.s. F. Q. 
Laeisz several years ago, the water was first separated o«t of the 
oil which is raised by a pump, and heated to 60°C.“ 140°F. 
by a heater on the suction i)ipe, and filtered before it reaches 
the pump valve, and thence delivered to a second heater, 
which raises its temperature to 90°0. 194®F., and after a 

second filtration and under a pressure of thirty pounds per 
Bcpiaro inch, injected round a screwed needle, which causes the 
hot oil to spray itself. The bars are omitted, and the furnace 
lined in fire-brick and the air is admitted through adjustable 
perforated gratings. ^ 

The front of the oven is a disc of fire-brick with a small open- 



Fig. 21 . Furnack of s s. “ F. C. Laeisz,” with Brickwork. KCrtino 
System. ^ 


ing through which the spray is delivered and air is admitted. 
It this system the oil is made to spray itself and is sufficiently 
, atomized by the pressure and the action of the screwed needle 
round which it escapes. 

The furnace of s.s. F. C. Laeisz is shown in Fig. 21 \^athth 0 
furnace lining and the brickwork of thp combustion chamber 
also. ^ In Fig. 22 the Korting sprayer il showm in section, with 
its spirally wound needle which throws the oif into rapid ro- 
tation and causes it to spread widely at the nozzle, exactly as 
in th0 case of the Korting water cooling sprayers. It was then 
considered essential to line the furnace in order to secure perfect 
combustion and insure that all the oil is vaporized before it 
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reaches the chilling zone of unprotected water cooled plates, 
but later pr^tice by the Wallsend Co. appears to have succeeded 
in securing com- 
bustion*^ without 
smoke in an un- 
lined furnace as in 
Fig. 17. 

The diameter of 
the jet orifice ia 
1 to 3 mm.; and 
in later forma 
there is a crown or 
disc set round the 
nozzle and pierced 
with holes of 1 -25 
mm. diameter, 
through which air ia intrained. The output under a pressure of 
six kilos n:84*4 pounds, was as follows when tried at Cherbourg — 

Orifice .... 1 mm, 1 nun. 26 1 mm. 6 

Oil per hour . . . C6 k. 100 k. 135 k. 

143 lb. 220 lb. 297 lb. 

Tried on the locomotives of the Vladi-Kavkaz Railway these 
atomizers with double jets sprayed 230 kilos = 600 ib. per 
hour under a pressure of only 4-2 k. =69 8 lb. From the 
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Fig. 22a. Kortino Atomizer. 




trials made by the French Navy it appears tliat those 
mechanical atomizers work very regularly and, moreover, 
silently, if the oil is first filtered and heated to 80°C. = 176°F? 
They are recommended for getting up steam, the force pump 
being hand worked until such time as steam is produced 
sufficiently to work t^e pulverisers. 

M. Bertinriays stress on* the benefit of supplying oil to a 
burner at a considerable pressure and at a high velocity, for 
even with air or steam atomizers the fine jet will atomize more 
easily, for an oil pressure of three kilos, for example, perfuits of 
a velocity four times as much as is given by a he^ of 2 metres. 


CHAPTER IX 


LIQUID FUEL APPLICATIONS TO LOCOMOTIVE BOILERS 

The Holden Sysieyn. , 

I N this system, the first to come into extensive use in Great 
Britain, the object has been to combine liquid and solid 
fuels so that either or both can bo used indifferently without 
a moment’s notice of the change. 

Mr. Holden, of the Great Eastern Railway of 'England, 
primarily devised his system for getting rid of the tars pro- 
duced by oil gas apparatus ; but he has used many liquids for 
fuel, including coal tar, blast furnace tar and oil, shale oil, 
creosote and green oils, astatki and crude petroleum. Loco- 
motives thus fitted are clean to work, make no dust, smoke or 
sparks, have little wear of tubes or fire-boxes and have little ash 
and clinker to remove. Steam can be raised rapidly, adjusted 
at an even pressure, and waste at the safety valve is prevented. 
Any boiler can be fitted for liquid fuel without alteration of 
furnace, though it is desirable to add a fire-brick lining on the 
tube plate below the arch. ^ 

The fire is made up thin with coal and about 120 pounds of 
broken fire-brick. The ashpit damper is kept sufficiently open 
to maintain the fire bright. ^ 

There is nothing striking to be seen from the footplate, with 
the exception of an extra fitting on the fire-box casing, carrying 
four steam cocks and two small wheel valves about the firedoor 
level on each side thereof. 

A hinged plate appears under the fire door, and on lifting tliis 
there are visible two holes, through the fire-box outer casing, 
leading into the firebox, and equidistant oneach side of the centre 
line 21 inches apart ; they are 6 iqches Jiamcter and 10 inches 
above the grate surface. In each hole is a rin^ of pipe per- 
forated on the front side so as to direct numerous jets of steam 
forward into the fire-box. In the latest atomizers this ring 
is not employed, the nozzle of the atomizer being enclosed in a 
box perforated on the face with several holes through which 
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the spray jets issue at converging angles. These cause an 
induced current of air. In the centre of each of the rings 
is the n^zle of an injector. These arc steam worked and inject • 
oil into the fire-box, mixed with air, wliich enters at the rear of 
the injectors by an india-rubber liose connexion froiii the 
vacuum brake if this is used. 

The steam inlet to each injector is on the inside, steam com- 
ing by a single pipe, wliich branches of! by sipiare turns right and 
left to the injectors. Oil enters by separate pipes worked by 
two independent regulating wheel valves, which stand above 
the footplate at the fire door level. Each valve is thus inde- 
pendently adjustable, but both can be worked together, 
instafttly to open and close, if necessary, at stations and other 
stops. Otherwise the oil apparatus is controlled from the four 
cocks mentioned above. One turns steam on to the injector 
supply; another, by right and left branch pipes, turns si earn 
to the air injecting rings; and a third admits steam into a 
warming*coil in the oil tank for the purpose of bringing the oil 
to a state suftioiently liquid to flow freely, and to be sprayed suffi- 
ciently fine. The fourth serves to blow back steam through t he 
oil fuel pipes to the tank to clear any obstruction or to blow back 
oil which has cooled in the pipe or to warm the pipe, and to 
blow through the oil passages of the injectors. 

The mode of working is as follow^s : the engine comes up 
from the shed with the light coal fire with which steam has 
been made. Tt is clear and red, the fire-brick arch well heated, 
and the fire made up with brick lumps as usual. When de- 
sired to bum oil, steam is first set blowing through the injector. 
The delivery of the injectors is directly forwards and sideways, 
thejiozzle having two orifices. No oil is sent against the fire- 
box sides, but only towards the brick arch and towards the 
middle of the box^ the tw o inclined jets approaching each other. 
After the steam is turned on, the oil admission valves are slowly 
opened and the oil is sprayed and ignites at once, the whole 
firebox being filled with a dazzling white flame. 

There is now smoke at the funnel from insufficient air supply^ 
This is instantly checked by turning steam into the ring jets 
which draw in a further large quantity of air through the five 
inch openings, and smoke can be reduced to any extent down 
to nil. This is a spAjially* valuable feature in economy, for, 
while it is so desirable to prevent smoke, it is equally unde- 
sirable to admit too much air, and this can be regulated to a 
nicety, merely enough air to stop the smoke being injected, or 
even only enough to reduce the smoke to an occasional sus- 
picion of it. There need be no waste due to excess of air. 
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The light coalfire is kept going by an occasional shovel of 
coal. 

• Though the apparatus is simple, if it were possibje for it 
to bo [)ut out of order in the middle of a trip, fhe fireman 
would commence to shovel coal upon the existing bed of fire, 
and the engine would run as an ordinary coal burner without 
a hitch or stoppage. 

On a trip, if steam is high, the injectors can be instantly 
stopped on arriving at a station, or, if the steam is low, con- 
tinued at full blast as when running, and the fire kept up to a 
maximum efficiency, and steam got up during the .wait. There 
is less dependence on the blast pipe, and a variable blast nozzle 
is used, the simple movement of a lever in the cab swinging a 
hinged cap over the pipe top and reducing the nozzle from 
Ci to 42 inches diameter for coal burning. 

Should any oil travel unburned so far as the brick arch, 
and even run down it, it cannot travel over the firebrick pro- 
tection of the lower tube plate without vaporization and com- 
bustion, hence this protection, which is the one slight dillerence 
from common practice, a difference, however, of no importance 
or injury to the engine’s coal burning properties. 

There is no projection of any oil upon the fire-box sides, 
neither is there local intense combustion to produce local plate 
wasting. On the contrary, the whole interior of the fire-box is 
filled with flame, and no special ignition point, or rather, com- 
bution area, is apparent. Heating is therefore general, and 
temperature even. 

Though nominally a pound of oil has not the steam making 
power of two pounds of coal, nor perhaps could it be^ shown to 
have on a prolonged test ; yet in practice, one pound of oil is 
found to bo equal to double the quantity of coal, owing to the 
facility of regulation and the saving at the siifety valve and of 
the back pressure from reduced blast pipe resistance. Oil has 
the advantage of cleanliness and reduced labour all round, for it 
makes no unconsumable refuse, requires no stoking beyond 
the keeping up of the small bed of coal fire, which seems to 
be a good system where liquid fuel supplies are doubtful in 
quantity and uncertain in price, over any system of oil burning 
which rejects coal entirely. 

In the ordinary work of the Grqat Ealtem Railway the run 
between London and Cambridge — about 56 miles — was made 
with one firebox full of coal made up ready for the run and un- 
touched, This brought the train to its destination, and if it 
were Inown that the engine would be shedded at once the 
steam might be pretty well reduced and the fire left to finish 
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nearly dead. Here came in the advantage of liquid fuel. Even 
if steam wa*8 down and the fire nearly out, the turning of a 
I andle op two would put the engine in readiness to take out any ^ 
train in fiv5 minutes after notice, and thus an engine may bo 
worked to the economy it would be if about to bo shedded, and 
yet be ready for a full-power run almost instantly. 

For lighting up, however, the fire started in a clear grate, as 
usual, and the month’s average of fuel, including lighting up, 
was 12-2 pounds of oil per mile and 11 pounds of coal, or a 
total of 23 '2 pounds of fuel. Nino other engines of the same 
class and thp same range of duties averaged 34 j)()unds of coal 
per mile for the same month. Thus one pound of oil was 
pract^ally equivalent to two pounds of coal. 

Mr. Holden states that for oil burning to be a success, the 
apparatus must be independent of any firebox alterations, or 
of anything which would prevent instant return to coal or 
solid fuel, or its use in lighting up. Hence his special injector 
to spray the oil without the use of special brickwork, hitherto 
common as a means of giving an extended hot surface. The 
several small ring jets which converge on the jet of oil, both 
spread and mix it with air and diffuse the flame, so preventing 
local heating. 

The injector, of gun metal, is clearly shown in section in Fig. 
23. Oil enters at the side some way back of the steam nozzle 
and outside this. Steam, therefore, comes inside a thin ring of 
oil at the mixing nozzle and through the inner tube comes the 
vacuum brake air which, expanding as it becomes heated, still 
further aids the breaking up of the oil into spray. The ring 
jets of stgam induce a further supply of air on the exterior of 
all, and so is obtained an alternation of air, oil and air, which 
promotes admixture and thorough combustion. The inside 
of the injector ^is removable and can be replaced with 
a spare set in a few minutes when running. Removal of 
the brake hose connexion allows the injector nozzle to be 
cleared by a wire while actually at work, this being the main 
reason of the through passage which has been utilized — also 
for the purposes of the vacuum brake. The latest atomizer i8 
that of Fig. 24 (1911). Compared with Fig. 23 and 25 it shows 
how comparatively little change has been made in the last 
nine years. The new partem is found to use less steam. 
The ring jetk of this pattern (Fig. 26) seemed to use a good 
deal of steam. 

In the newest pattern (Fig. 24) there is a small box end enclos- 
ing the nozzle, and the flat end of the box has seven pbrfora- 
tions inclined to each other so as to give a converging jet. The 
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oil, air and steam are mixed in the box and issue together. 
Small supplementary steam jets issue from small holes as 
, shown at the base of the nozzle box. 

The brackets of the oil regulating valves are m<5val5le verti- 
cally. The two brackets are connected to a hand wheel common 
to both, and dropped by a single movement of the wheel, thus 
shutting off both oil valves and putting them again in action 
without varying their individual adjustment. Later arrange- 
ments differ somewhat, the combined motion being given by a 
lever, as in Fig. 26. 

This lever is used for the station stoppages, after which each 
injector can bo set going again exactly as before* the stop, so 
dispensing with fresh regulation. « 



Fig. 25. Atomizer. Old Form, Uolden System. 


In locomotive work, the absence of a bed of incandescent 
fuel on the grate is a cause of very serious ^temperature range 
in the firebox when the oil is shut off at stops. Where a solid 
fire is maintained on the combined system, there is always an 
incandescent fire to prevent undue cooling when the oil is 
stopped, and this is a valuable feature apart from the question 
^of lighting up in the ordinary way and the power of using 
solid fuel if necessary at any time so to do. 

Fig. 24 is the latest form of atomizer. 

The valve B used for regulating the £ow of the oil fuel is of 
special construction, found desirable after many ‘attempts with 
different forms of cocks and valves. To pass regular quantities 
of thick viscous fluid through the “ crooked passage formed 
by t&6.half open plug of a common cook is impossible, and 
some form of ‘"Straightway’’ valve is necessary. In the 
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example, a email reservoir of oil is formed by the body of the 
valve, and a tube with a slit in it is moved up and down inside. 
The proportion of cut exposed in the oil reservoir regulates the 
supply. With this valve very fine adjustments iA tfie flow of 
oil are possible. 

The Holden apparatus is now largely used on stationary, 
locomotive and marine boilers, but its application on English 
railway work has been reduced by the comparative scarcity of 
oil since the demands of the Navy have absorbed so much. In 
short, liquid fuel is not yet producerl to supply the demand. 

In Fig. 27 is shown the firebox, about 8 feet long, of an 
American locomotive. The tube plate and sides arc lined with 
brick, and there are two air inlets at the bottom of the box 
opening into the ash pit, which has the usual front and back 
dampers. In these narrow boxes there is only room for one 
atomizer. Oil alone is intended to be used in this furnace, and 
the area of brickwork is necessarily larger than in the mixed 
system, where the bars are covered with more or less self- 
incandescent fuel. The fire-brick arch, but slow^ly adopted 
in American coal burning engines, is of n(‘cessity a part of the 
oil burning furnace. In some locomotives there is also a small 
arch over the atomizer to protect the lire door. In certain 
locomotives with still longer boxes there will bo a wall of 
brick about 6 feet in front of the atomizer, and the arch springs 
from this wall, so that there is a combustion space between the 
w^all and the tube plate. 

With Texas oil the Great Eastern locomotives, class 1900, 
have hauled fast trains on a consumption of 24*7 pounds of 
coal tar per mile plu& 9 6 pound of coal for lighting up, etc., as 
against 40 to 45 pounds of coal. On a test run with a train of 
620 tons a four-coupled passenger engine consumed 31 pounds 
of Texas oil per mile. Tliese engines w ere fitted with air heating 
arrangements. On the J apanese Government railw ays, Borneo 
oil on the Holden system showed an evaporation as liigh as 
14-42 and averaged 12-6 the year round as against 6 4 pounds 
for coal. 

An important item is the lengthened life of the internal fire- 
box. After some service the sides of an ordinary firebox 
present a series of convex surfaces betw een the stays, w hich are 
subjected to abrasion by the small aAes, sparks, etc., drawn 
from the fire by the action of the blast. As result of this 
wearing away of the surface of the plate, it gradually be- 
coD^ thinned, and eventually cracks develop between the stay 
holes, with the consequence that the box must be patched 
or renewed after a comparatively short existence. With oil 
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fired engines an extension of time of some 50 per cent, can bo 
secured, as no such destructive action exists. These remarks 
on abrasion apply equally to the tubes, smoke box, chimney, 
etc., and^the economies in this direction are of considtrablo 
value when large numbers of locomotives are ailected. 




Fig. 27 . Firebox or, A merican Oil-Hurnino Locomotive. 


With oil burners the fire is of equal intensity, and as clean 
at the end of the day as at the start, and an engine can be nm 
indefinitely as regards the fire. 

The average life of copper fire-boxes of five G.E. Rly. engines, 
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No. 754 to 758, with coal, was found to be 5| years, and that 
of two other sister engines, No. 760 and 765, using liquid fuel, 
was respectively 8 years 4 months and 8 years. 

In fitting these burners to ordinary stationar 3 f boilers they 
are connected by means of pipes to a hinged joint or trunnion so 
arranged that when the burner is swung out of position, the 
supplies of steam and oil are cut off, so as to prevent the risk of 
fires in the stokehold. 

Where, as often the case, oil contains water in such quantities 
as to extinguish the fires there is considerable danger. The oil 
following after is — if the furnace temperature ^is sufficiently 
high — violently exploded, or, if the furnace is allowed to become 
too cold, the oil falls through the ashpits and on to tli^^ stoke- 
hold floor, where it spreads out into a thin film probably at a 
temperature approaching the flash point, and therefore in a 
highly indammablo state. 

The specific gravity of most fuel oils being 0-86 to 1 the rate of 
settling at low temperatures is very slow, but the difference 
in the specific gravity becomes much more marked if the 
temperature is raised, and very usual practice has been to heat 
up tlio whole contents of the oil bunker to such a temperature as, 
witliout approaching the flash point of the oil, will make the 
density difference sufficient to accelerate the settling. 

The objection to this is that a large amount of heat is required, 
the radiation surface of a bunker of any size being considerable ; 
the heating process is slow, and unless completed before any 
of the contents are drawn off, the lower layers of the tank will 
consist cither of pure water or oil with a large percentage of 
water mixed up with it. 

To obviate this, a floating suction is used consisting of a long 
pipe pivoted upon the side of the bunker or tank, and 'guided 
in the vortical plane by means of a tee qr angle iron set to 
correct radius. 

The suction pipe has a small steam-pipe led along its side, 
which terminates in a coil immediately below the suction open- 
ing. The steam passes through this and heats the oil immedi- 
ately below the orifice, and this oil rises into the pipe and leaves 
the water beliind. The float is proportioned and arranged to 
keep the mouth of the pipe about 6 inches below the level of 
the oil in the tank. . • 

This apparatus is certain in action and requires but little 
heat, since this is only applied to that portion of the oil immedi- 
atejy under the mouth of the suction pipe, and there is little 
taxation from the bunker side, and the heated oil at once 
moves off to be used while still hot. 
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Fig. 28 shows the application to a locomotive with fire«box 
3 feet 4 J inches wide. For a smaller fire-box one atomizer only 
is necessary. 

The apertures in the fire-box are made by screwing a copper 
ferrule into the tapped plate and beading over at the ends ; 
into this is drifted a wrought iron ferrule, which makes a per- 
fectly tight joint. 

The nozzle of the atomizer is placed about I in. above the 
centre of the aperture, and the face of the ring J inches from 
the front of same. 

When liquid fuel is used alone, steam is first^ raised in the 
boiler by a wood and a coal fire to 25 pounds or 30 pounds 
prcissure, tlu^ tiro is levell(‘d and covered with a layer o^broken 
lire-briek of not more than 3 ineh(‘s cube, spread thinnest 
about the centre of the fire-box, and well jiacked round the 
sides and corners. A few pieces of waste or wood are thrown 
in to cause a tlame before the fuel is introduced. 

An air heater formerly was used, but has been abandoned in 
recent practice. 

The regulating gear is so arrangi'd that a simple movement 
of the lever closes both oil valves w'ithout affecting their 
separate adjustment when open. 



CHAPTER X 


LIQUID FUEL AITLICATION TO STATIONARY AND OTHER BOILERS 
• The Lancashire Boiler. 

F IW. 29 shows the arrang(‘iiu‘iit of iloldeii’s Burners on 
a Lancasliire type boilcT. The burners are placed at the 
front of the l^rick lined extensions, to whieli lieated air is con- 
veyed from large tubes passing down the outer Hues. The 
fire-brick construction is simple and easily introduced for an 
ordinary sized boiler with a grate of, say, 7 feet long. A strik- 
ing bridge pillar with inclined face is built up about 2 feet 
6 inches inside the furnace ; next, a screen with large clear 
opening about 1 foot G inclu's behind the former ; and finally, 
a second screen with oblicpic }>erforations to direct the gases 
along the inner surface of the tlue. The central portion of this 
last screen is recommended to be built solid. On boilers thus 
arranged, with fair working conditions, an evaporation of from 
14 to 15 pounds of A\ater per pound of Texas fuel oil (from and 
at 212*^^'.) is readily obtained. 

On a large boiler of this type burning north country “ smalls 
and evaporating only G 5 pounds of wak'r per pound of coal, 
the Texas^fuel oil has secured an evaporation of 15 25 pounds of 
wata* per pound of fuel. 

If desired the Jre bars are left in and covered by a layer 
of fire-brick or chalk as a base for the fire in case it may be 
necessary to return to solid fuel at any time. Any internally 
fired boiler may be treated by either method. Where the 
bars are left in there ought to be a damper fitted to the opening 
of the ash-pit to regulate the admission of air. 

In these furnaces the injector is placed about 8 or 10 inches 
above the grate surface and about J inch above the centre of the 
4-inch opening cut through the furnace door. The injector 
is inclined so«is to point to Ihe second or third brick from the 
top of the bridge. Dry steam, perferably superheated, is 
admitted. 

Generally, in the firing of internal furnace boilers, the fuel is 
blown in parallel with the grate surface and 8 to 10 inches 

1«7 
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above it. In the large vertical boiler the atomizer is usually 
placed below the fire-door opening, but in small vertical boilers 
• it must be placed through the door. In either case the opposite 
half circle of the furnace must be lined with fire®brick to the 
height of about half the furnace diameter to form the necessary 
incandescent surface on which any unburned oil can strike. 


The Water Tube Boiler. 

For the water tube boiler without grate bars the arrangement 
of Fig. 30 is employed, there bcinj; an additional arch of fire- 
brick brought forward from the l)ridgo to prevent too early a 
passage of the gases among the tubes. The author« would 
extend this (and also the first arch) furtlier than shown in Fig. 
30, it being impossible either with coal or oil to s('curc smokeless 
results where the hydrocarbon gases 
pass too quickly among cold tubes. 
Nor is there space and time for such 
complete combustion as is desirable. 

I'he steam blast may be made less 
intense when oil fud is used by the 
Mac Allan movable cap (Fig. 31). 
This is folded over the blast pipe 
orifice, which it reduces from 5 j to 42 
inches diameter. 

The position of the atomizer is 
important. If too high the combus- 
tion is vibratory, and an intolerable 
humming sound is produced by the many rapid ex})losions due 
to iioii-continuous combustion. The oil fire must be along the 
plane of the coal lire for the best results, and not too* high 
above it. ^ 

Owing to its large proportion of hydrogen, the production 
of carbon dioxide is less, and this is held to be an advantage 
of liquid fuel for working tunnels, and the Arlberg tunnel was 
so worked by 32 engines. It must not, however, be over- 
“ looked that hydrogen destroys three times as much oxygen 
as is destroyed by a pound of carbon, and produces but little 
more calorific effect per pound of o^^ygen consumed, so that 
it is equally destructive of the vital properties of the air and 
introduces an excess of nitrogen in place of an c»3ess of carbon 
dioxide. The physiological effect of the carbon dioxide is less 
to be feared than the absence of oxygen which it implies. 
Too Vhnoh, therefore, should not be made of this supposed 
advantage of liquid fuel, the danger being due to the absence of 



Aiu.K Hl\st Cap. 



APPLICATION TO STATIONARY BOILERS 171 

Arlberg tunnel is now electrically worked. 
No very large installations have been made lately, owing to the 
difficulty in obtaining a large and continuous supply of oil at a 
price lotv enough to meet the competition of coal. But many 
heavy locomotives have been fitted for special work on moim- 
tain sections with many long tunnels, as on the Italian State 
Railways. It is particularly desirable to avoid smoko in 
tunnels. 


Locomotive Boiler. 

Fig. 32 i§ the fire-box used for liquid fuel on the Southern 
Pacific Railroad, the oil being .sprayed into t}u‘ front of the fire- 
box bclow^ the mud ring and under the usual brick arch and 
directed against a sloping brick lining of the liaek plate. The 
sides of the box are 
ca.scd in bricks, and 
there arc openings 
for air in the brick 
bottom to admit air 
under the flame. A 
central brick arch 
baffle is thrown 
across the middle 
of the fire-box, and 
an arch is thrown 
across just below 
the fire-door. 3'he 
plates of the upper part of the box are bare, and the resulta 
are said to be .satisfactory. 

According to Mr. Holden the fuel tank should bo above the 
levfl of the atomizers. This is a point with which all do not 
agree ; some consider that the fuel ought to be pumped to 
the atomizers, and no oil should be able to flow by gravity 
with the attendant risks in case of rupture. 

Unless an independent source of steam is available, steam 
should be raised in the boiler by an ordinary fire to a pressure 
of, say, 25 pounds, when the liquid fuel apparatus may bd^ 
started. 

Oil burners must not be started before there is a flame in the 
furnace ; if doubtful, a few pieces of wood or some oily waste 
should be seft ahght in the"* furnace before applying the oil. 

The above rules are applicable to all systems of oil burning. 
A common danger is the risk of gases accumulating in the fur- 
nace and leading to explosion when the dampers are opened 
and flame produced. As with coal, the accumulation of gas 
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may bo provented by drilling a two-inch hole near the top of the 
damper, so that when the damper is closed there is. always a 
•vent through it which will stop any accumulation of gas. 

The atomizing agent, whether steam or air, should be hot ; 
high pressure steam is better than low pressure steam ; the 
tendency is to force the oil forward at a considerable pressure 
to the burners and compel it to escape, by a fine opening, there- 
by probably tending to atomize itself somewhat. 

The practice in America generally is towards pumping oil 
to the burners rather than allowing it to flow by gravity. 

Air at a moderate pressure appears to bo as competent to 
atomize oil as steam at a high pressure. No explanation of 
this is given, but it is partially duo to the greater density «'?)f air 
and probably in part to the fact that air is a supporter of 
combustion and induces earlier combustion or ignition. 

The Meyer System. 

This is shown in Fig. 33, and is a modification of the Korting 
system. Oil is supplied by the Korting system and air is ad- 
mitted through specially placed blades in an extension of the 
furnace front, the air being heated in a surrounding jacket, 
which is arranged with spiral divisions. The air is delivered 
to the surface in a whirling manner, and the system has been 
at work on several Dutch steamers with success and similar 
general types of apparatus have been running in Roumania. 


The Mixed System of Coal and Liquid Fuel Combustion 

There is more in the mixed system than mere convenience. 
The simultaneous use of solid and liquid fuel in the same fun;ace 
modifies the conditions for each. ^ 

For coal the efficiency of combustion is better ; for oil the 
heat is better utilized. 

Combustion on the grate may be imperfect, but the oil 
atomizer so mixes up the gases from the grate with the air 
'admitted through and above it, that combustion is much 
improved and the excess of air is used by the oil. 

Where the oil is only a fifth of the coal, the coal equivalents 
of the oil appears enormous. 

According to M. Bertin, where 5 kilos, of coal would ordinarily 
develop each 7,800 calories, they will produce 9,200 calories, a 
gain of 7,000 calories. The excess of air supplied with the 5 
kilos. O^'ooal would be 20 cubic metres, and this would suffice 
for the added kilogram of oil, which would produce 11,000 
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calories with no further air supply. A total of 18,000 calories, 
compared with the original output of 7,800 calories per kilo. 
• of coal, makes the ratio of oil to coal appear 2 31. Obviously 
a part of this is due to coal, but it may fairly be credited to the 
system. 

The limit of perfect use of air is found when the oil is one- 
third of the coal, and the ordinary four cubic metres of excess 
air still furnishes the theoretical 11 cubic metres for the oil : 
the apparent equivalence of coal and oil becomes — 
l,400_x 3 + 11,000 g. 

7,800 — • 

Those ratios are not perliaps secured in practice, but<,serve 
to point to the possible advantages of the mixed system and 
what should be aimed at. 

With half and half coal and oil the ratio becomes 1-77, 
a figure that has been approached in certain experiments at 
Indret. Ratios of 3 and over, wliat have been claimed, cannot, 
as Mr. Bertin says, bo justified on any hypothesis. Nor is the 
total consumption of the oxygen supplied at all closely ap- 
proached in general practice. 

The proportion of free oxygen to carbonic acid is an indi- 
cation of the excess of air admitted. The ratio of the air ad- 
mitted to that used is — 


CO 2 + 0 _ 0 

cor 


per volume, and 


CO3 

■“N 


20-8 , 

79 2 volume. 


These figures neglect the hydrogen. 

With coal burned at the rate of 100 kilos, per metre * of grate, 
if the oxygen measures 8 per cent., and wi^ 200 kilos., say 
6 per cent., the fire is too thin or the draught too great. With 
1 or 2 per cent, of carbonic oxide the fire is too thick and the 
draught poor. Both oxygen and CO present together indi- 
/jate bad furnace arrangements. 

A te.st at Indret of the trial boiler of the Jeanne d/Arc with 
coal alone gave tlie following results — 


Coal per hour I 
per metre • of | 
grate. 

1 Porcontago in volume. 


CO 2 . 

CO. 

0. 

N. 

90 k. 

11 

1 

6 

82 

1-64 

14C- 

11 

1 

5 

83 

1-45 

200 

13 

0-5 

4 

82-6 

1-30 
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The same boiler on the mixed system gave the results below — 


Per hour por inotro* 
of 

Air 

Porcontago of Oos. 

1+ ^ 

— 

t 

Pri's.sun^. 

— 





COa" 

Carbon. 

Petroleum. 


CO 2 . 

CO. 

0. 

N. 


37 k. 

10 inin. 

10 

0 

8 

82 

1-80 

70k. 

30 i 

10 

10 

0 

8 

82 

1-80 

( 

37 

10 

10 

0 

8 

82 

1*80 

100 

50 

20 

8-5 

0 

9-5 

82 

212 

1 

66 

25 

8 5 

0 

9-5 

82 

212 

f 

35 

25 

11 

0 

7 

82 

104 

150 1 

55 

30 

11 ! 

0 

7 

82 

1-64 

i 

•75 

40 

11 

0 

7 

82 

1-64 


Witfi oil alone Mr, Ordc found as below — 



CO 2 . 

CO. 

0. 

N. 

0 

^ ^ C6 

Tost Xo. 1 

13-2 

0 

3*6 


1-27 

Tost Xo. 2 

12 6 

0 ' 

4 0 

83t 1 

1 3l' 

A\erago 

12 

0 

3 8 

83-3 

1285 


a better result, after all, than the mixed system produced. 

In calculating the apparent effect of mixed fuel, M. Bertin 
assumes the case of a boiler working 1 hour and a weight of water 
= a per kilo, of coal ordinarily, 
b =the water evaporated per kilo, of mixed fuel, 

X = the evaporation attributed to one kilo, of oil, 

C = weight of coal burned per metre * of grate, 

D — ,, oil ,, ,, ,, ,, ,, 

The vapour produced by C -f D of mixed fuel, assuming a 
to be as in the ordinary coal fired boiler, will be Ca -f Da:. 

Tffen per kilo, of mixed fuel we have 
Ca-f-Da: ^ . (C~\-I))h-Oa , , C . 

C + D ^ — ^j) 

Whence, if R is the ratio of oil to coal, we have 

a a D \ a / 


Tests in the Furieux made to determine R gave the following 
" results — 


D • 

C 

• 

a 

1 

» 

R-~ 

a 

000 

9 05 

1 

— 

0-45 

9 05 

1 11*34 

1-26 

0-64 

906 

1 14*2 

1*66 
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The figure 1-56 was greater than the figure found for oil 
used alone, but was not confirmed by tests at Cherbourg of a 
• Godard boiler with too forced a draught and badly arranged 
oil sprays, for the effect b of the mixed fuel was even inferior 
to that of coal alone, which shows how much the efficiency 
depends on arrangements. 

The value of R was sought at Indret by Mr. Brillie in a series 
of tests extending from the end of 1896 to early in 1900, in view 
of applying mixed firing to boilers of Du Temple Guyot type. 

The atomizers had air induction passages as in the Orde 
atomizer, Fig. 16, but no air heating. The Haines kept short 
and the heat kept well in the furnace, and high values of R 
were reached, as 16 for a rate of combustion of lOOkifes. of 
coal and 60 kilos, of oil per metre * of grate. ^ 

The tests, however, were too short for exactitude. 

Other tests made only upon engine power are, however, 
available. 

Let c be the coal per horse power ordinarily. 

„ e ,, „ „ „ in the mixed system. 

d j, oil ,, ,, ,, ,, ,, ,, 

Then d takes the place of c — c in the production of one 
horse power so that 



The following table is a wume of Navy tests on the loco- 
motive typo of boiler or torpedo boat No. 109 at Cherbourg. 




Ist Seriea. 

2iul Sorios. 

t 

3rd 

Series. 

Air pressure. . . . i 

h. 

1.5mm. 

jl3mm. 

!j2mm. 

25mm.j 

26mm 

29mm. 

60mm. 

Coal alono .... 

c. 

1,337k 

1,337k 

l,.337k 

1,354k: 

1,354k 

1,364k 

1,500k 

Mixed ( ] 

e. 

979 

914 

r>81 

713 d 

[ 721 

652 

1,219 


d. 

379 

388 1 

494 

405 ' 

’ 474 

655 

434 

bystem 


1,3.58 

1,.302 1 

1,075 

1,118 

1,195 

1,307 

1,663 

Equivalent saR 


0,91 

1,09 

1,53 

1.68 

1 

1,33 

1,07 

0,66 


f* The interest lies in the falling off at high pressures, the 
furnace being too short satisfactorily to burn the oil at such 
rapid draught. 

Where 60 kilos, of oil were used to 80 kilos, of coal with draught 
but little forced, R was found to bo 1 -5, and the piixed system 
took the place of forced draught, with a result equal to the 
combustion of 170 kilos, of coal only, a result thought very 
encoui’afting. Very discordant results were obtained on the 

‘ 1^08. per metre* +6 —pounds per square foot nearly. 
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Miiany the Surcoufy the PakiUy and the Forhin, On the Milan 
especially oil proved very unsuitable to the furnaces of the 
Belleville boiler, as might be anticipated. On the Surcoufy 
on the contrary, the result of mixed fuel was to reduce total 
fuel consumption nearly to half that of coal alone. 

M. Bertin does not express any final opinion on mixed sys- 
tems, but claims that where employed it is essential to success 
that all the details should bo simple so as to avoid the danger of 
error on the part of a little-trained persomiel, such as the open- 
ing or closing of certain valves, always in their power to do. 

Generally little information is public on liquid fuel in any 
Navy. Nobody knows why a secret is mode of it, for the 
efficiency attained with liquid fuel outside naval practice is 
such that better results are scarcely likely to have been attained 
within it. 



CHAPTER XI 

RUSSIAN AND AMERICAN LOCOMOTIVE PRACTICE 

The Baldwin Co's System. ® 

T he Baldwin Locomotive Co. consider that, while opinions 
upon atomizers differ as to central jet burners such as 
the Urquhart, the relative position of the oil supply and other 
details, their own burner (Fig. 34) is a satisfactory one, and 
has been applied to many locomotives in Russia and the 
United States. 

It is rectangular in section, with two longitudinal passages, 
the upper one for oil, the lower one for steam. The oU is 
regulated by a plug cock on the feed pipes, the handle of which 
extends to the cab within easy reach of the lircman. 

Steam is admitted to the lower part of the burner through a 
pipe so connected to the boiler as to ensure dry steam. The 
control valve is in the cab close to tlie fireman’s seat. A free 
outlet is allowed for the oil at the nose of the burner ; the 
steam outlet, however, is contracted at this point by an ad- 
justable plate which partially closes the port, and gtves a thin 
wide aperture for the exit of the steam. This wire-draws the 
steam increasing its velocity at the point of (jpntact with the oil, 
and giving a better atomization. A permanent adjustment of 
the plate is made for each burner after the requirements of 
service are ascertained. The moving of the plate is not then 
required except for cleaning purposes. The oil, as it passes 
through the burner, is heated by the steam in the lower portion, 
and flows freely in a thin layer over the orifice. It is there 
caught by the jet of steam and completely broken up and ato- 
mized at the point of ignition, and carried into the fire-box 
in the form of vapour, where it is thoroughly mixed with air 
and bums freely. 

It ik computed that one inch of breadth of slit will serve for 
100 ‘square inches of cylinder area, so that the breadth of a 
burner is B = D* x 007854. As only one burner is used, 
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Fig 34, Atomizer. Baldwin Locomotive Co. 


American fire-boxes being narrow, it is ajiparently the case 
that one cylinder is intended to be taken, and not the area of 
both Cylinders. ]) ™ diameter of cylinder. 

Large oil-pipes tVdiver a full supply as far as the regulating 


cock, to permit of fine 
adjustment of which its 
orifice is not circular 
but square, with the 
diagonals as in Fig. 35. 

The necessary changes 
to fit an engine to use 
liquid fuel are shown in 
Fig. 36. The ntomizcr 
is attached below the 



Fig. 35. Oil Regulating Cock. 
Baldwin Locomotive Co. 


mud ring, and the spray 

is directed upwards into the fire-box, which is fitted with a 
brick arch, a liner of fire-brick and a base filling the front 
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half of where the grate usually is placed. A small hearth 
is placed to catoh any drip from the burner, and from the 
lower corner of the bridge there is built, to protect each side 
sheet, a triangular wall of bricks extending with its lower point 
to the back plate. The side walls form the sides of the fire- 
brick combustion chamber, '^riie “ ash-pan ” is retained with 
its air dampers to admit air b(‘lovv the fires, and the dampers 
should shut tight, 'riie inner side of the fire-door is lined with 
a plate of fire-brick. 

The latest form of fire-box ( 191 1 ) is that of Fig. 37. This differs 
but little from that of Fig. 3h, which represents a coal fire-box. 
The arch is kept low and tlie upper space of the box is large. 
It is reeomm(‘nd(‘d not to leave too little si)ace betwetn the 
arch and the ctowii sheet ; otherwise the flames will bo too 
severe upon tlu^ crown sheet and generate too severe a local 
lieat. The ash[)aii is of modified form as shown. The weight 
and volume of oil for a given mileage will bo about half that 
necessary for coal. 

A report of the (k)mmittee of the American Railway Master 
Mechanics’ Association says — 

Fuel oil can be used in almost any form of fire-box, the best 
place for the l)urn('r being just below the nnid ring, spraying 
upward into the fire-box. In some recent experiments with 
oil of 84‘' gravity, 14(FF. Hash, and lOO^'F. fire test, in which 
the boiler Iiad 27 s([\iare feet grate area and 2,135 square feet 
of heating surface', H per cent, being in the fire-box, it was found 
that there wore about 39 pounds of oil burned per square foot 
of grate area, about 0 45 pounds per square foot of heating 
surface per hour, the equivalent evaporation from and at 212° 
being about 121 pounds of water per pound of oil. It was also 
computed that there should be about one-third of an inch 
width of burner for each cubic foot of cylinder volume. 

Or volumes of both cylinders in cubic feet 3 — width of 
burner in inches for ordinary locomotives. For compound 
engines the amount of steam is 10 per cent, and of fuel 20 per 
ccent. less, and in the foregoing formula only the h.p. cylinder 
volume ought to bo considered. 

For compound locomotives a guide to an approximate idea 
of the value of oil fuel as compared with coal is as follows : — 

Cost of coal per ton (of 2,000 lb.) -f (5ost of handling (say 50 cents) 

_______ X 10-7 X 7 

2,000 X evaporative power of coal 

— Price per American gallon at which oil will be the equivalent 
of coal, to find the price per English gallon multiply by 1 -2. 
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In these computations the cost of both oil and coal is con- 
sidered at the engine, and not at tlic place of purchase. ^ 

The v^ei^ht and volume of crude petroleum based on a 
specific gravity of 0 91, \s hich is about the average of the Texas 
oil, as well as that received from South America, is given below. 


WEIGHT AND VOLUME OF CRUDE PETROI.EUM. 


Pound. 

1 U.S. Lniuid (Jul. 

Harrol. 

(Jros'i Ton. 

Imp, (!nl. 

1 

•13158 

•00:U328 

•0004404 

■1090 

7-0 

1 00 

•02:tsi 

•oo:t:{93 

•8:i 


42 00 

1 oo 

•1425 

35 00 

2,2?00 

294-720 

7017 

1 -00 

245-00 


For convenience in obtaining the correct approximate weight of 
oil, the gravity conversion (able, No. XIV, may bo useful. 

In American practice where railroads are so ebrty with ash 
and cinders thrown from the locomotives by the powerful blast 
employed, oil should giva; an advantage to any line adopting it 
that cannot be so securely counted on in Great Britain, where 
ash throwing is less prevalent. 

Oil puts a stop to the choking of the tubes of the boiler and 
permits tubes to be employed smaller than now admissible on 
account of liability to choke. 

Tubes of one inch diameter might be used if enough could 
be got in to give the requisite area. 

The economy of oil is not merely a question of fuel economy. 

Table No. XI gives the economy of oil at its relative value 
comparej with coal on both fu(‘l account and all ascertained 
economies, the second value being based on 1 pound of oil 
being worth 2 of coal in place of 1 J, as on the mere fuel account. 
The extra econoifiies include repairs on locomotives and ash 
handling. 

Dr. Dudley’s formula for relative price is — 

I P “ price of oil per barrel. 

W ™ weight per gallon in pounds. * 
N ~ gallons per barrel. 

vv X I’M X R -- ratio of oil to coal If or 2, 

according to conditions. 

, VC — price of coal per ton of 2,000. 

For tons of 2,240 lb. use this number in the numerator in 
place of 2,000. The weight W multiplied by N will be the same 
in either American or English gallons, and the barrel is always 
the same, so that only the pounds per ton need be chang^, 
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the price of coal and oil of course being given in the same 
equivalents, either dollars or shillings. 

WxNxRxC 

Hence — 2,000 (or 2,240 for long tons). 

The Baldwin Co. do not recommend crude oil : it is more dan- 
gerous ; it has an exceedingly unpleasant odour, and it is not 
80 economical. Crude oil contains more or less volatile matter 
which vaporizes quite readily. With the necessary use of 
lanterns and open lights round about locomotives, there would 
be more or less danger of explosions. In the case of a wreck, 
if the oil tank was ruptured, it would be almost impossible to 
prevent a fire. As to the odour of the crude oil, it would cer- 
tainly bo extremely unpleasant to ride behind a locomotive 
fed with Lima crude oil. Crude oil is not so economical as 
reduced oil, because oil is sold by volume, and a gallon of crude, 
instead of weighing 7-3 pounds, weighs from say 6 25 to 6-6 
pounds, and, as the heat is proportionate to the weight, a barrel 
of crude will not give so much heat as a barrel of reduced oil. 
The oil used on the Grazi-Tsaritzin Railway, and believed 
to bo quite safe to use, is an oil not below 300°F. firc-test. 
Crude oil can bo used on stationary boilers, where it is kept in 
tanks and brought to the boilers in pipes. 

The arguments appear sound, in view of the disastrous Ameri- 
can experiences of burning railway wrecks, and the English 
experience at Abergele ; but all crude oils are not so unpleasant 
as the Lima oil referred to, and the odour should not hve 
through the furnace. Still the fire risk of crude oil, with its 
volatile constituents left in, is to bo avoided. 

In experiments on the Pennsylvania Railroad, it was fo’ind 
with oil at 30 cents per barrel, that it cost nearly 50 per cent, 
more to take the same train of cars 100 iniltls by means of oil 
than by means of coal. 

The Urquhart System. 

* To the late Thomas Urquhart, of Dalny, Scotland, the former 
Locomotive Engineer of the Grazi-Tsaritzin Railway of Russia, 
is due the first notable success in hquid fuel combustion.^ 
Urquhart brought the system to the notice of engineers in a 
paper read at Cardiff in 1884. ‘ « 

According to this paper, the percentage of astatki in Russian 
oil is 70 to 75 per cent., while Pennsylvania oil contains but 
26 to 30 per cent., the two products being the complement of 

‘ Proceedings of the Institute of Mechanical EngineerSy 1884 . 
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each other. This fact is quite consistent with approximately 
equal proportions of carbon and hydrogen, and Table XII 
is given to illustrate this. The following is an abstract of 
Urquhai t^s phper — 

‘‘ Comparing naphtha refuse and antliracite, the former has a 
theoretical evaporative power of 16 2 pounds of water per 
pound of fuel, and the latter of 12-2 pounds at a pressure of 
8 atm. or 120 pounds per square inch; hence petroleum has, 
weight for weight, 33 per cent, higher evaporative value than 
anthracite. In locomotive practice a mean evaporation of 
from 7 pounds to pounds of water per pound of anthracite 
is generally obtained, thus giving about GO per cent, of effi- 
ciency, %vhile 40 per cent, of the heating power is lost. But 
with petroleum an evaporation of 12-25 pounds is practically 
obtained, giving 


12 25 

Tg-^ ■ 


: 75 per cent, efficiency. 


Thus petroleum is theoretically 33 per cent, superior to 
anthracite in evaporative power ; and its useful elfect is 25 
per cent, greater, being 75 per cent, instead of 60 per cent. 
Weight for weight, the practical evaporative value of petroleum 
is at least from 


12 25 - 7 50 
7-'5‘0 


= 63 per cent, to 


12-25 - 7-00 

— 7 00 == 75 per cent. 


higher than that of anthracite. 


Sjyray Injector, 

** Steam, not superheated, being the most convenient for 
injecting liquid fuel into the furnace, it remains to be proved 
how far superheated steam or compressed air is superior to 
saturated steam — taken from the highest point inside the 
boder, by a special internal pipe. In using several systems 
of spray injectors, ho invariably noticed the impossibility 
of preventing leakage of tubes, accumulation and inequality of 
heating of the fire-box. 

“ The work of a locomotive is very different from that of a 
marine or stationary boiler, owing to the frequent changes of 
gradient on the line, and thp stoppages at stations, which 
render firing wfth petroleum very ^fficult ; and were it not for 
properly arranged brickwork inside the fiie-box, the spray jet 
alone would be quite inadequate. The efforts of engineers 
have been mainly directed towards arriving at the best kind of 
spray injector for so minutely sub-dividing a jet of petroleum 
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into a fine spray, by the aid of steam or compressed air, as 
to render it easy of ignition. For this object nearly all the 
known spray injectors have very long and narrow passages for 
petroleum as well as for steam ; the width of the orifice does 
not exceed from j mm, to 2 mm., or 0 02 in. to 0 08 in., and in 
many instances is capable of adjustment. 

“ With such narrow orihees any small solid particles which 
may find their way into the spray injector along with the petro- 
leum will foul the nozzle and check the fire. Hence in many 
steamboats on the Caspian Sea, although a single spray injector 
suffices for one furnace, two are used, in order that when one 
gets fouled the other may still work ; but, of course, the fouled 
orifices require inc^essant cleaning out. ‘ 

“ Locmnotives , — In arranging a locomotive for burning petro- 
leum, several details re(pnre to lx? added in ord(‘r to render the 
application convenient. For getting up steam, to begin with, 
a gas pipe of 1 in. internal diameter is fixed along the outside 
of the boiler, and at about the middle of its length it is fitted 
with a t}ir(‘c-way cock, having a screw ni|)ple and cap. The 
front end of the longitudinal pipe is coniu'cted to the blower 
in the chimney, and the back end is attached to the spray 
injector. Then by coniu'cting to the nipple a pipe from a 
shunting locomotive under steam, the spray jet is immediately 
started by the borrowed steam, by whicli at the same time a 
draught is also maintained in the chimney. In a fully equipped 
engine-shed the steam would be obtained from a fixed boiler 
conveniently placed and s])ecially arranged for the purpose. 
Steam can bo raised from cold water to 2 atm. pressure in 
twenty minutes. Auxiliary steam is then dispensed witlv and 
the spray is worked by steam from its own boiler ; a pressure 
of 8 atm. is then obtained in from 50 to 5b minutes from the 
time the spray jet was first started. In daily practice, when 
it is only necessary to raise steam in boilers already full of hot 
water, the full pressure of 7 to 8 atm. is obtained in twenty 
to twenty-five minutes. While experimenting with liquid 
fuel for locomotives, a separate tank was placed on the tender 
for carrying the petroleum, having a capacity of about 3 tons. 
But a separate tank on the tender, even though fixed in place, 
would bo a source of danger from the possibility^ of its moving 
forwards in case of collision. As soon as petroleum firing was 
permanently introduced, the tank for fuel was placed in the 
coal spaces of the tender betw'een the two side compartments 
of the water tank. For a six-wheeled locomotive the capacity 
of the tAtife is 3J tons of oil, a quantity sufficient for 260 miles, 
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with a train of 480 tons gross, exclusive of engine and tender. 
In charging the tank with petroleum, it is important to have 
strainers gf wire cloth in the manhole of two different meshes, 
the outer one having openings of, say, } in., the inner say of 
J in. [In later English practice the strainer is much finer than 
this. — A u'I’HOK.] I’hese strainers are occasionally taken out 
and cleaned. If care be taken to prevent solid particles from 
entering with the petroleum, no fouling of the spray injector 
is likely to occur, and if an obstruction should arise, tlie ob- 
stacle, being of small size, can be blown through by screwing 
back the steam cone hi the spray injector far enough to let 
the solid particles pass and be blown into the lir(?-box. This 
ex|)edic7it is easily resorted to even when running and no more 
inconvenience arises than an extra puff of dense smoke for a 
moment, in conseciuence of the adniission of too much fuel. 
Besides the two strainers in tlie manhole of the petroleum 
tank on the tender, there should be another strainer at the 
outlet valve inside the tank, having a mesh of ^ in. holes. 

“ In lighting up, precise rules must be followed to prevent 
explosion of any gas accumulated in the fire-box. First clear 
the spray nozzle of water by letting a small quantity of steam 
brow through, with the ash-pan doors open ; at the same time 
start the blower in the cliimney for a few seconds, and any gas 
will immediately be drawn up the chimney. Next, place on the 
bottom of the combustion chamber a piece of cotton waste 
or shavings, saturated with petroleum and burning with a 
flame. Then open first the steam valve of the spray injector, 
and next the petroleum valve gently ; the first spray of oil 
coming oi^ the flaming waste igniters without any explosion 
whatever, after which the fuel can be increased at pleasure. 
By looking at the top of the chimney, the supply of petroleum 
can be regulated by Observing the smoke. The general rule is to 
allow a light blue smoke to escape, showing that neither too much 
air is being admitted nor too little. The combustion is under 
the control of the driver, and the regulation can be effected 
so as to prevent smoke altogether. While running the driver 
and fireman should act together, the latter having at his side 
of the engine the four handles for regulating the fire, namely, 
the steam wheel and the petroleum wheel for the injector, 
and the two ash-pan door bodies in which are notches for 
regulating the hir admission. Each alteration in the position 
of the reversing lever or screw, as well as in the degree of open- 
ing of the steam regulator or the blast pipe, requires a cowes- 
ponding alteration of the fire. Generally the driver passes the 
word when he intends shutting off steam, so that the alteration 
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in the firing can be effected before the steam is actually shut off ; 
and in this way the regulation of the fire and that of the steam 
are virtually done together. This care is necessary to prevent 
smoko and waste of fuel. When, for instance, a' tram arrives 
at the top of a bank which it has to go down with the brakes on, 
exactly at the moment of the driver shutting off steam and 
shifting the reversing lever into full forward gear the petro-' 
leum and the steam are shut off from the spray injector, the 
ash-pan doors are closed, and if the incline bo a long one, the 
revolving iron damper over the chimney top is moved into 
position, closing the chimney, though not hermetically. The 

accumulated heat is 
thereby retained in 
the fire-box ; and the 
steam even rises in 
pressure, from the 
action of the accumu- 
lated heat alone. As 
soon as the train 
reaches the bottom 
of the incline and 
steam is again re- 
quired, the first thing 
done is to uncover 
the chimney top ; 
then the steam is 
turned on to the 
spray injector, and 
next a small quan- 
tity of pe*iroleum is 
admitted, but 'with- 
out opening the ash- 
pan doors, a small 
fire being rendered 
air around the injector, as 
ash-pan doors. The spray, 
the hot chamber. 



Fifi. 38. Goods Locomotivjs, Urquhart 
System, GRAzr-TsARiTziN Railway. 


possible by the entrance of 
well as by leakage past the 
iraniediately on coming in contact with 
Ignites without audible explosion ; and the ash-pan doora'are 
finally oj^ned, when considerable power is required, or when 
the air otherwise admitted is not sufficient to support complete 
combustion. By looking at the fire through the sight hole, 
it can always be seen at night whether the fire is white or 
r j iu altogether inexperienced men, it was 

found that after a few trips they could become quite expert in 
finng with petroleum. The better men bum less fuel than 
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others, simply by greater care in attending to the essential 
points. 

“ Several points have arisen which must be dealt with to 
ensure success. The distance ring between the plates around 
the firing door is apt to leak in consoquenco of the intense heat 
and the absence of water circulation ; it is therefore protected 
by having the brick arch built up against it, or, better still, a 
flanged joint is substituted. This arrangement occiisions no 
trouble whatever.” 

The fire-box arrangement of the goods locomotive is shown 
in Fig. 38. The sprayer points downwards upon the lioarth 
which ^ built in the ash-pan, and continuous with the 
bridge and arch. A block of brickwork is placed under 
the sprayer, and below that is a passage for air. The bridge 
is continued up to the crown of the box, but is perforated 
and the whole of the front tube plate is exposed to heat. The 
fire-box surface is 82 sq. ft. Total heating surface, 1,248 sq. 
ft. “ Grate ” area, 17 sq. ft. Weight, 3C tons in running 
order. Pressure, 120 to 135 pounds. 151 tubes 13 ft. 10 in. 
long X 2 in. outside diameter. 

Fig. 39 shows the petroleum tank in the tender, the heating 
coil C surrounding the filter whence the oil is drawn through a 
cock V and pipe P to the sprayer. Steam goes by way of the 
pipe S and escapes at T. W is the collector for water. 

Fig. 40 shows another furnace arrangement, in which the 
brickwork of the fire-box sides is made cellular, and air is 
admitted also below the sides by lateral openings K with 
regulating dampers. The fire-doors are quite blocked, and only 
a sight h^le left at H. 

A fetter design is that of Fig. 41. This includes a lined ash- 
pan, bridge and o)jer-arch, with a passage through it for air 
admitted by the forward ash-pan damper. Lateral arches are 
provided in order that the side sheets of the fire-box may be 
exposed to the heated gases. No part of the fire-box is actually 
** in touch with the fire-brick, yet the burning oil is completely 
enclosed with a brick oven. As very usual in Continental 
practice, the engines had the closing cap to the chimney top. 
This is used to retain heat in the fire-box at times of standing, 
and should be a most effectual damper. With liquid fuel 
employed without solid fuel, the closing of the chimney is very 
efficient in retaining the heat of the brickwork, and this damper 
is used when running down hill, and, on again turning the oil 
spray into the furnace it is at once ignited by the hot brickwork. 
There is a pointer and scale on the spindle of the regulating 
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valve D for use by night. The Author has noticed on the 
Great Eastern Railway, that when apparently quite dark, the 
chimney top can be seen sufficiently to judge of smoke. 

The injt?ctor is shown in Fig. 42. It consists of a central 
steam jet, an annular passage for oil and an outer annulus 
for air. The steam jet is regulated by screwing the steam cone 



to and fro by a worm and wheel on the regulating handle 
and spindle. Jhc steam comg can readily be removed for 
clearing purposes, or the back plug can be taken out while 
the sprayer is at work, with little delay, a wire being intro- 
duced to remove any possible obstruction that the steam •will 
not discharge. 






Fig. 42. Atomizer. Urquhart’s. 
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Economies of 45 and 57 per cent, over anthracite and bitum- 
inous coal changed to 57 and 67 in an engine arranged to warm 
the air slightly, and UrquJiart thought the air ought to be 
heated, and this is well established as good practice. 

The fuel consumption of all kinds appears high, but this is 
attributable to long waiting on a single line and to the weight 
of trains, often as much as 720 tons, and the exposed country, 
with strong side winds. 


ConsumpUvn of Fuel per Tram - Mile 
Coal - Full line 3 Fett'otenni Polleei lines 

110 
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80 
80 
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A Gfxxis Enguie, 8 wheels coupled , Goods Tram 
BB . . 6 . . . . 

C Afired , 4- , , Minced 

BD , . 4 , „ Passett^ee , 

Fig. 43. Locomotive Performances with (^al and Oil Fdiel, 
Urquhart’s System, Grazi-Tsaritzin Railway. 

Considerable space lias been given to this system and to the 
figures and drawings, because though now old and dating back 
nearly 30 years, Urquhart had the correct principles of combus- 
tion fully before him, and laid out his arrangements with a 
perfection that cannot bo much improved upon to-day. He 
saw clearly what was necessary, and this may be summed up 
in the words, Atomizing, Air "and Temperature. Hence the 
success he attained, and the correctness of his arrangements 
and conclusions. 

In Fig. 43 are curves showing the consumption of oil and 
coal, and in Table XIII are some useful data on specific gravity. 




CHAPTER XII 

AMERICAN STATIONARY PRACTICE 

The Billow System. 

T he fuel oil appliances of the National Supply Company of 
Chicago consist of pumps and atomizers. 

Atomizers arc actuated in one or a combination of the follow- 
ing ways — by steam, by air supplied by an air compressor, or 
from a positive blast blower or fan. 

An oil burner becomes more efficient and approaches nearer 
to perfection which will })ulverizc the greatest amount of oil 
with the least energy, and will vaporize oil at the point of 
3xpansion of the agent used for that purpose. 

Atomizers are constructed with various shaped openings— 
annular, flaring, slotted, semicircular or fan -shaped, producing 
either a long, round, or a broad S 2 )rcading flame. 

iViinular openings arc said to be more economical in steam or 
air than other forms, as a more intimate association of the oil 
and the vaporizing agent is afforded. 

By actual experiment atomizers consume from 3 to 15 per 
cent, of thg entire product of the boiler in vaporizing sufficient 
oil to develop the capacity of the boiler. 

The number of atomizers required for each boiler or furnace 
is directly proportiofiate to its size. Of atomizing agents steam 
is considered the best for boilers, air from a positive blast 
blower for furnaces where heat of medium intensity is required, 
and air from a compressor for small furnaces. These are 
opinions not held universally as regards boiler furnaces. 

The Billow Atomizer (Fig. 44) is designed to vaporize the 
greatest amomit of oil with the least expenditure of energy, 
is automatic in its operation within a 5 per cent, steam variation. 
It is of a form which it is clajpied precludes the possibility of 
choldng, cloggiitg, dripping or the wasteful use of steam, air or 
oil. It is self contained. The fuel and the atomizing agent 
are controlled within the burner. It has ground joint union 
pipe connexions placed on an axis transverse to the body, a 

195 
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feature which permits the flame to be directed as desired. It 
has a wide range in adjustment, and will vaporize a few drops 
of oil per minute or many gallons per hour. It is constructed 
with various shaped nozzles or outlets of the retort type, 
when desired, but these are not recommended oh account of 
their wasteful steam or air consumption. Only in special 
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tank and the atomizers is an important factor. This system 
is designed to heat the oil, free it from mechanical impurities, 
and dehver it to the atomizer at a constant pressure and 
temperature under the control of the operator. The amount of 
oil necessary for feeding the atomizers should be automatically 
controlled, and the system sufficiently flexible to pump the 
oil to one atomizer or any number within its capacity without 
useless expenditure. It should handle all grades of oil fuel 
equally well. 

Residuum, or manufactured fuel oil, often contains particles 
of coke and sand. All grades may have dirt and other matter 
which disturb the adjustment of the atomizers at the furnace 
door, necessitating their frequent cleansing. These impurities 
clog the feed lines, necessitating frequent blowing-out. An 
oil pumping system provides against this by filtering out these 
accumulations and cleaning the filtering medium without 
disturbing the continued performance of the pump. 

Feeding the oil at a temperature nearly approaching the 
point of distillation ensures speedy vaporization, with a result- 
ant flame soft and diffusing, and not sharply impinging upon 
the boiler surfaces. The pumping system is designed to 
give the desired heat, and is provided with automatic govern- 
ing valves to ensure uniform delivery. 

The National Supply Co. have designed oil fuel pumping 
systems for modern fuel oil non-gravity equipments. They 
are compact, and so dripped and drained that no oil can reach 
the floor. 

Any oil ^uel produces the best results when heated to a tem- 
perature just under its distilling point, and oil is atomized 
with less energy when heated to such a temperature and 
delivered under coiTstant pressure. 

When air is used as an atomizing agent, carbonization is not 
liable to occur at the outlet of the burner in the furnace because 
the oil is passed through water heated with exhaust steam in 
the receiver, and minute quantities of water vapour are carried 
over with the oil and prevent carbonizing. 

Double Pumping System, 

• 

These oil puftiping systems (Fig. 45) consist generally of two 
duplex steam pumps, specially brass fitted for oil, and of a 
cast-iron receiver, tested to two hundred pounds pressure, 
mounted on a cast-iron drip pan and base frame upon which the 
mechanism is fastened. A partition divides the receiver into 
two chambers. Projecting into the rear chamber and screwed 
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to the partition are tubes with fine gauze heads, accessible 
through the rear head of the receiver. These heads act as a 
straining medium, and there is a blow-off pipe and Valve for 
removing deposit. 



Fig. 40 Double Pumping System. Capacity, 1 to 5,000 Boileb H.P. 

• 

The forward chamber is usually two-thirds full of water, 
anc^ contains a coil of pipe through which flows live steam or 
exhaust steam from the pump. The coil has controlling valves, 
permitting the use of steam from either of these sources or both 
at the same time. 
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One pump is in reserve against contingencies or accident to 
the other. 

The apparatus is provided with a pump governor, or regu- 
lator, actuated by the pressure in the receiver to maintain a 
constant pressure on tiie oil in the receiver ; an adjustable relief 
valve placed between the suction and the delivery side of the 
pump through which all oil in excess of the requirements of the 



Fig. 40. CoMPonM) Tuvehk for Air Admission. 


atomizer may pass in case of accident to the governor ; a 
thermometer, steam, oil, pressure, and automatically closing 
sight gauge. 

The oil is discharged through the force chamber of the pump 
into the forward chamber. The oil flowing through the hot 
water becomes heated and passes out through an inner tube 
to the point of consumption. • 

These pumping systems are made up to sizes of ten to 
eighteen thousand boiler horse-power. 
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Thus No. 5 Double, employing two 5|-in. by 3}-in. by 5-in. 
duplex steam pumps, has a capacity of five to fifteen thousand 
boiler horse-power, or twenty to forty gallons per. minute. 

In attaching fuel oil atomizers to furnace or boiler fronts it 
is sometimes lu'cessary to admit alJ the air for vaporization 

and combustion at 



the atomizer, for the 
reason that at no 
other point can a 
sufficient amount of 
air bo induced into 
the furnace to com- 
plete combustion, 
owing to conditions of 
draught or construc- 
tion. The device of 
Fig. 46 answers this 
purpose, by providing 
the air for combustion 
irrespective of the 
atomizing agent used. 
This air for combus- 
tion is intimately 
mixed with the oil at 
the point of admission 
into the furnace. It 
is intended for boilers 
where oil is burned 



as an amiiliary to 
some other foqn of 
fuel, making it im- 
possible to dispense 
with the grate bars, 
and is therefore use- 
ful in connexion with 
the burning of 
bagasse, sawdust and 
material of like char- 
acter. It is also the 


Fig. 47. Air Reoclator, nxoMizEii ^nd form uscd aboard 
Tuyere Block for Furnace Front. vessels* that employ 

water tube boilers. 


Tke tuyere or air regulator attached is shown enlarged in 
Fig. 47, the outer part being revolvable so as to close the air slots 
and reflate the air admitted round the atomizer. These 
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appliances are the designs of the National Supply Co., of 
Chicago, as also is the arrangement, Fig. 49, of atomizer • 
tuyere, tastjng, and internal block of fire-brick wliich is 
intended to be placed in a furnace wall or in the fire-front of 
a boiler. The fire-brick has a trumpet-shaped hole through 
it, and the nozzle of the atomizer enters a short distance 
only, so that the initial flame is contained within the body 
of the block. This block has a good effect in effecting perfect 
combustion. 

An example of the National (Jo. ’s system is the fuel oilplant 
of the Union Loop, Chicago, Illinois. This plant consists of a 
system for the unloading, storing, circulating, controlling 
and firing of fuel oil, after designs j)reparcd by C. 0. and E. E. 
Billow. 



Fig. 4S. Spf.( lAL Tank Ca« 3*inch Hose Connexion. 


The pliiit includes three steel storage tanks, 16, 10, and 8 
feet«in diameter, and 20 feet high, of a combined capacity 
of 1,764 bbls., of 4]^ IJ.8. gallons each (35 imp. gals.). 

Fuel oil is received in tank wagons, and transferred to the 
tanks by two duplex pumps, having 6-in. steam and 7 J -in. oil 
cylinders, and a G-in. stroke. These pumps have 6-in. suction 
and 6-in. discharge. 

Provision is made for unloading four 30 bbl. tank wagons 
simultaneously. These tank wagons are attached to oil 
hydrants, by steel band lined oil unloading hose. 

The storage tanks are provided with flanges for pipe con- 
nexions, a 16-in. screw top n«inhole and cover on the roof, and 
an 18-in. on tfie side near the bottom of the tank, floats and 
level indicators by finger boards in the tank room and mercury 
columns in the basement. 

From the storage, the oil is conveyed to two 4-in. stand pipes, 
70 ft. in height, joined by a header near the top, by means of a 
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duplex pump, having 3J-m. steam cylinder, 4|-in. oil cylinder, 
• and a 5-in. stroke. This pump has a 3-in. suction and a 2J- 
inch discliarge. 

From the stand pipe header the oil is conveyed to the oil 
atomizer loop, by two No. 5 oil heating and circulating systems, 
set upon the boiler room floor. Tliesc automatically maintain 
a uniform pr(\ssure and temperature, and a constant flow of oil. 
They consist of a battery of duplex pumps with 5|-in. packed 
pistons having 3J-in. oil cylinders, a 5-in. stroke, a 2J-in. 
suction and a 2-in. discharge. Each pump has a copper air 



Fig. 4y. ** 

% 

chamber and is mounted on a cast-iron base and drip pan, to 
dispose of all leakage of glands. The base is attached to a 
cast-iron frame, supporting one combined steel receiver, heater 
and condenser, 24 inches in diameter, and 36 inches high, sur- 
mounted by the 7-in. copper air chamber 24 inches high. The 
receiver has two diaphragms riveted to its shell, and expanded 
full of tubes (125 1-in, boiler tubes, having their ends caulked 
and beaded), around which passei^the exhaust from the pumps. 
The receiver also has provision for the introduction of water, 
through which the fuel oil flows, under a high pressure, for the 
purpose of breaking it up, in order that all foreign substances 
may be j)recipitated ; the oil passing through the heated tubes 
is thoroughly cleansed, and deposits water and settlings. 
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The drips from the pumps receiver, drip pans, and exhaust 
have catch basin connexions. 

The wiiole system is as nearly automatic in its action as is 
desirable, and Ls duplicate throughout. 

Each system is capable of delivering suflicicnt fuel oil to 
develop 15,000 horse-power, and occupies a lloor space of 30 
sq. ft., and is 8 ft. in height. 

Four atomizers are placed in the combustion chamber of 
each boiler, or a total of sixty-four oil burners compose the 
installation. These oil burners receive their oil from a loop, 
beneath the boiler room floor, which is divided by valves into 
five dj^tinct headers. 

The furnaces arc erected upon the grate bars of an Aemc 
stoker, and consist of a series of fire-brick fines for heating 
and circulating the incoming air, cheques work for distributing 
flame, and baffle walls for directing same. 

Oil at the same uniform pressure and temperature can be 
delivered to a single burner or to the entire sixty-four. 


Fvrnace Co7i struct ion. 

“ Too often it happens that complete combustion is impaired 
not from the lack of air, but on account of the method of its 
introduction into the furnace, often from such points as to 
render it ineffective, producing losses as great as 50 per cent. 
For economic reasons no more air should be supplied than is 
necessary. 

“During the early stages of combustion of any fuel the gases 
of a higtily volatile nature distil at a low temperature, rise 
rapidly, hug the boiler, enter the tubes or flues and pass away 
unconsumed. Th|5 combustion chamber should therefore be 
arranged with fire-brick, so that the incoming air may be heated 
to the required temperature, the flames retarded, diffused, 
and distributed, and the velocity ini[)eded. fl’here will be no 
concentration or localization, and the danger of blistering or 
burning is avoided. 

“The furnace construction varies ticcording to the typo of 
boiler or furnace. The question may be asked, ‘ Will an 
apparatus work if no change is made in the combustion chamber 
or furnace of a boiler oth§r than that of covering the grate 
bars ? ’ A furnace so arranged will not average so high 
economical results as when constructed for diffusing the heat 
and retarding the flow of the gases. Fuel oil appliances can 
only vaporize the oil ; in the furnace it is consumed. There- 
fore the statement is not unreasonable that a scientifically 
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arranged combustion chamber with a shovel to feed the oil is 
f preferable to a poorly constructed furnace to which is attached 
the highest type of atomizing device. 

Operating a Fuel Oil Plant. . * 

** The results to be secured from a properly designed fuel oil 
plant depend largely upon the amount of intelligence exercised 
in its manipulation. All the mechanism that can be supplied, 
outside of the furnace, is designed to perform the single function 
of delivering the oil to the furnace in a finely divided, nebulized 
condition with as little cost to the operator as possible,^ and to 
give insurance against accidents or possible shut-downs, with 
ease and facility in manipulation. Other economical results 
depend wholly upon the draught. This should be regulated by 
the ash-pit doors, or other proper means. The flame may be 
increased or diminished at will by the simple opening or closing 
of a valve, but it is only by experiment or long-continued con- 
tact with fuel oil that the oil, the atomizing agent, and the air 
necessary for combustion will be properly combined and the 
beneficial results of this combination be obtained. The operator 
should continue the opening and closing of the ash-pit doors, 
or the manipulation of the damper and the increasing or 
diminishing of the flame until he can produce a fire large or 
small, without the least indication of smoke. When this con- 
dition is attained he will have no more occasion for handling any 
of the apparatus provided the elements of combustion are 
perfectly balanced. 

“ The gases should not pass from the furnace at t\fo high a 
temperature. Tliis can bo controlled and regulated largely 
by the damper. A clear flame consumes lesj^ oil than a smoky 
flame, and lias greater efficiency. Smoke is evidence of imper- 
fect combustion, but the absence of smoke does not necessarily 
prove that perfect combustion is being attained. Too much 
steam produces a light grey vapour ; too litt le, a smoky flame ; 
- too great a draught, an intensely vibrating flame accompanied 
with a roaring noise ; too little draught produces a dull red 
smoky flame. When the elements are properly united the 
result is a reddish orange flame. 

“ The temperature of the escaping gases from ^ boiler will 
increase as the excess of air becomes greater, provided the same 
amount of fuel is being burned. This is because the furnace 
temperature is less, owing to the greater amount of air present 
which results in a less rapid transfer of the heat to the boiler 
and consequently allows more heat to escape to the chimney. 
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“ On the other hand, with a uniform excess of air, if more fuel 
is burned, the temperature of the escaping gases will increase, 
owing to the heat produced being greater in proportion to the 
absorbing capacity of the boiler.” 

It is only through close application that the theory of oil 
burning can be fully understood and mastered and as high an 
efficiency as 80 per cent, of the theoretical value of the fuel 
transmitted from the furnace to the boiler. Mr. C. 0. Billow 
has designed furnaces for many types of boilers. Fig. 50 is the 
ordinary American under-fired tubular boiler with the bars 
replaced by a fire-brick air casing, through which air flows to 
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the furnace through (ho “ ash-pit ” door and comes up under 
the atomiKcd jet. The furnace widens out laterally from 
front to rear, the nloinizcr being placed at the narrow end of 
this brick furnace. The grate bars are ten inches lower than 
usual, and the air casing of brick occupies this ten-inch space. 
The ash-pit doors regulate the air admission. The atomized 
oil IS directed upon the chequer work brick bridge, which 
breaks up and diffuses the flame, throughout the furnace and 
directs it upon the boiler. A hanging bridge fe placed at the 
extreme end of the combustion chamber. If too little air has 
bMik. admitted at the front, a further supply is let in through 
this rear bridge, which also serves further to retard the flow 
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of the hot gases. Either steam or air may be used as the 
atomizing agent, and though air is the more efficient, the cost 
of the air compressor detracts from its advantage, but a good 
compressor saves steam. Mr. Billow considers that steam 
atomizing should be done with 3 3 per cent, of the total steam ; 
that a positive air blast blower will only use 1 -30 per cent, of the 
boiler output, but when air is compressed above 30 pounds 
absolute, it costs 6 per cent, with ordinary compressors. Hence 
the importance of good compressors. The same system is 
carried out in the ordinary water-tube boiler (Fig. 51). I his 
furnace is applicable to the many forms of water-tube boiler. 
The same grate cover of fire-brick is employed, but the bars 
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are lowered considerably to provide rooni for the concave 
bridge which is also split to admit air. The burner points 
somewhat down so as to strike on the brick floor at about half 
length the flames curving round the bridge hollow. 

It may bo added that for English practice the containers 
of oil pumping systems, if employed in preference to gravity 
fee^ of rfg. 45 type should be of boiler plate and notof cast- 
Ton-l material, the use of wliich for pressure work, and 
esAiiaUrfor pr^sure work with liquid fuel, is considered 
inLfensfble, and would probably not be ^ 

■ the English poUeT insuranse companies lig. 6 la shows a 
typical boUer mounting on the Billow system. 




CHAPTER XTII 

English: stationary practice with liquid fuel 
The Kermode System. 

I N this system air at low pressure is tlie atomizing agent, 
the air being heated in a thick retort pipe, which is 
carried round the furnace or uptake. « 

Oil gravitates from an overhead tank, as very usual in 
marine work. It flows thence by a l|-in. pipe to the furnace 
front and separates to the two burners by equal branching 
pipes. Where two burners are supplied off one pipe the 
branches to each must bo symmetrically arranged in order 
that equal supplies of oil may reach each burner. 

The illustrations represent one form of tlie furnace arranged 
by the Wallsend Slipway Co. for this system, the lower 
part of the marine furnace being filled with special fire-brick 
blocks through which air enters the furnace beneath the flame. 
Those blocks are covered with asbestos lumps similar to the 
ordinary grate of Fig. 53, which shows an alternative arrange- 
ment including also an oil heating pipe in the furnace in addition 
to the air heating pipe. 

The accompanying table of tests and copy of analysis of 
Borneo oil are given from results of trials at the Wallsend 
Company’s Works — 

Copy of Analysis by Dr. George Tate, F.I.C,, F.G.S., 
November 9, 1899. * 


Sample. 

Astatki. 

Borneo 
Crude Oil 
as received. 

Borneo 
Criido Oil 
dried. 

Water 

Carbon 

Hydrogen 

Oxygen and undetemiined elements 

p. c. 
trace 
79-92 
12-00 
8-08 

p. c. 

11-76 

73-60 

9-08 

6-67 

p. 0. 

83-40 

10-29 

6-31 

Total 

*10000 

lOO-GOO 

100-00 

Calorific power in B.Th.U.. . . 

Equivalent evaporative power 

18- 434 

19- 0 lb. 

16-894 

16 -4 lb. 

18-010 
18-6 lb. 
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Fig. 53. Liquid Fukl Kkhmode's ISv.stem. Alternative 

AkRANGExMHNT. 


Date of Trial. 

Sopt (1, 

Sopt. 14, 
1899. 

Sopt 10, 1899. 

Duration of trial 

3 hours 

4 hours 

2 hours 

Clans of oil used 

Horneo 

Borneo 

Borneo crude 


erudo 

crude 

KirHt hour Socund hou 

Mean pressure on boiler, lb. 

111 

110-5 

109-8 

110-4 

Total lb. of water evaporated . 

24,101 

35,323 

9302-5 

951 1 

Pounds evaporated per hour . 

8053-7 

8830-75 

9302-5 

9511 

Pounds of water per pound of oil 

IM 

10-9 

10-93 

10-92 

Ditto from and at 212®F. . 

Mean temperature of feed water 

12-9 

12-75 

12-85 

12-84 

deg. Fali% 

Temperature of oil in measuring 

89® 

89® 

00 

CO 

o 

83* 

tanlf, deg. Fah 

08® 

68® 

07° 

67® 

Total gallons of oil consumed . 

1 225-3 

337 

88-8 

90-2 

„ pounds of oil consumed . 
Gallons consumed in 1 hour 

2174 

3244 

850-5 

870-3 

75 1 

84-2 

88-8 

90-2 

Pounds consumed in 1 hour 

724-7 

811 

856-5 

870-3 

Pressure on oil at burner pound . 

4-3 

43 1 

4 3 

4-3 

Specific gravity of oil . . . 

•965 

•9651 

•965 

•965 

Temperature of uptake deg. F. . 

050° 

605® 

720® 

O 

o 

Smoke at funnel top .... 

Light 

Light 

Light brown 


brown 

brown 



Air pressure in burner, pounds 

3-2 

32 


1 

Revolutions of blowing engine . 

310 

350 

320 

Pounds of oil per #q. ft. of grate 

• 18 1 

20-3 

21-6 

Pounds of water per sq. ft. of 





heating surface .... 

4-76 

6-6 

6-6 


7 -6 per cent, of water in the oil is allowed for in the aboveresults. 
TOs seems rather excessive, but probably explains the results. , 
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The boiler had the following dimensions: — 


Mean diameter 

12 ft. 6 ins. 

Mean length 

11 ft. 

Two furnaces 

262 tubes 2^ ins. external diameter, 
8 feet between tube plates 

3 ft. 7 ins. inside diameter. 

Heating surface of tubes .... 

1,372 sq. ft. 

123 „ 

Furnaces 

Combustion chambers 

125 „ 

Tube plates 

75 „ 

Total 

l,r)95 

Crate an'a of one surface. 

20 

Diameter of chimney 

5 ft. 

Height from bars 

55 „ t 


The burners are arranged so as to be readily swung back 
when coal firing is to be resumed, and there is very little change 
to the furnace in the system of Fig. 53. Probably the light 
smoke which is made might be reduced by tlic use of somewhat 
more fire-brick in the furnace or combustion chamber. 

Tests made at Birkenhead are said to have shown an evapora- 
tion as high as 15 5 pounds from and at 212^F. per pound of 
Russian astatki and without smoke. Borneo oil is credited by 
Dr, Tate with less hydrogen than usually is found in petroleum 
fuels, the average formula apparently being CVHjo. The latest 
burner for this system is described under the head of atomizers 
Fig. 68. 

The remarkable thing in this system is the satisfactory results 
obtained with only 3 pounds of air pressure, but it must be noted 
that this air is highly heated. The above trials, made many 
years ago, show what improvements have since been made for 
to-day (1911). ' 

The following figures show the results which can bo obtained 
on a steam boiler fitted with any one of the three systems 
of atomization used in the Kermode system. 

Oil fuel, wdiich has a theoretical calorific value of 19,320 
British thermal units per pound, is capable of evaporating 20 
lb. of water from and at 212° F. (theoretically) for every pound 
of oil consumed, and if the air-jet system is used, from 15*6 
to 16*6 lb. of water can be evaporated per pound of oil consumed 
under practical working conations. That is to say, from 78 
per cent, to 83 per cent, of the theoretical caloiific value of the 
oil is recovered for useful work. 

The pressure-jet system will recover from 70 per cent, to 76 
per cent, of the theoretical calorific value of the oil fuel used in 
actual^practice. That is to say, with oil fuel of 1 9,320 B.Th.U.’s 
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per lb., the evaporation per pound of oil consumed would be 
t ^ from 14 to 16 lb. of water per lb. of oil consumed. 

The 8 team- jet system will recover from 68 per c^nt. to 74 
per cent, of the calorific value of the fuel used, or a pound of 
oil foul will evaporate from 13*6 to 14 8 lb. of water. 

For dealing with the by-product (tar) from the Mond Gas 
power plant, the Kermode system converts a hitherto useless 
refuse to liquid fuel, and by this means an enormous saving is 
effected in the fuel bill of Mond Gas plants. 

The Kermode system embraces all three methods of atomiza- 
tion by air, by steam and by oil pressure, without other agency, 
the oil spraying itself by its own energy. An example of each 
type of sprayer will be found in the chapter on atonuzation. 

In Fig. 64 is shown a recent Keriqode furnace as arranged 
under a Babcock boiler, on a test of which 13’32 lb. of water is 
stated to have been evaporated at 100 lb. pressure from feed at 
64-4‘^F. per lb. of oil, the efficiency being 79 65 per cent. 

The burners themselves are shown at A, the air pipes at B, 
the oil-pipes at C, the oil-main at D and E, the air-mains at 
G, from which the branch-pipes A go to the burners, and the 
air-cornprossor at M, from which the air passes along the pipe 
to the heater K. An air by-pass valve is shown at N, and air- 
pipes 0, 0, which lead to the flue and discharge the surplus air 
when required. The results have quite come up to expectation, 
for the evaporation from and at 212‘"F. has proved to be 
16-91 lb. of water per pound of fuel, although the oil was not of 
a very high calorific value. 

During test mentioned the water evaporated per hour was 
at the rate of 1362’5 kilogrammes (3,004 lb.) per hpur. The 
pressure of the air supplied to the burners w'as 0-7 lb. per 
square incli, with very slight variations. The temperature 
of the feed- water was 644°F., and that' of the liquid fuel 
69-8°F. The amount of oil consumed during the eight hours’ 
test was 1,801 lb., and the total amount of water evaporated 
was 23,980 lb. The Kermode system is applied equally to 
land or marine work, and to fire engines and small work, and 
any liquid fuel is utilized, notably the tar of the Mond Gas 
producer. 

Numerous large and small vessels of the Navy have been 
fitted with this system. 

^ The Hydroleum System, 

In this system great stress is laid upon the spraying of the 
* oil through a comparatively restricted area or passage upon a 
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'yr 



Fig. 66. Water Tube Boiler vvrm Hydrolkum Liquid Fuel SysTBJt. 


dash-brick, wliich, it is claimed, becomes highly heated and 
vaporizes the spray. This is shown in Fig. 55. 

Tested with wnter gas tar at the w'orks of Messrs. Muirhead & 
Co., Elmer’s End, Kent, the follow ing results were obtained 


Oil. Coke. 


Data 

Aug. 14, 1901. May 15, 1901. 

Duration of test . • 

2 hours 

9 hours 

Mean temperature of feed water. 

70 Fahr. 

60 Fahr. 

Mean pressure on boiler .... 

90 lb. 

90 lb. 

Pounds of water evaporated . 

2,400 

10,100 

„ ,, consumed . 

211 

1,792 

Pounds of water evaporated per lb. 
from and at 212°F 

13-47 

6-73 

Price of tar 

19a. OJd. per ton 

= d02d. per lb. 

Price of coke 

21a. Sd. per ton 

= ‘116d. per lb. 


N.B.— In making the test the tar was taken as received, no 
deduction being made for yiy water it contained. 


Comparing Ihese two tests it will be seen that : — 

To evaporate each pound of water with coke cost . 0'0172d. 

To evaporate each pound of water with water gae tar 0-0076d. 

Saving by the system of oil firing 0*0097d. per 11^ 
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The burner of this system will be found described under the 
head of atomizers, but the Hydroleum Company do not profess 
• to atomize. They lay stress upon the use of a dash -brick only 
about 18 inches in front of the spray nozzle, an intense local 
heat being developed on the face of the brick. Sufficient air 
to bum the vaporized oil is induced through the openings 
provided round the spray nozzle. The sprayer is made in three 
sizes, having capacities of 1, 3, and 10 to 12 gallons of oil per 
hour, and the oil is induced to flow by the inductive action of 
the steam aimulus. ''.rhe feed tank is kept at a level of half an 




Fig. 56. Hyduoleum Liquiu Fuel System. Majiine 13oilek Design. 


inch below the nozzle by means of a ball float valve. From 
14'6 to 15 pounds of water are stated to be evaporated from and 
at 212°F* per pound of oil, the expense of steam being 6 per 
cent, of the evaporation. 

Though not claimed as an atomizing system, the Author 
considers that the effects of the Hydroleum burner sufficiently 
resemble atomizing for this burner to be held up as an example 
of the success of the system. 

Expeiience shows that for a burner capable of burning 10 
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gallons per hour there should be an opening for air round the 
atomizer of 8^ x 8'', which, after deducting the cross section 
of the atomizer itself leaves sixty square inches of air opening 
for ten gafllons per hour. Worked out on the basis of 15 lb. of 
air per lb. of oil fuel and 13 cubic feet per lb. the velocity per 
second of the air stream is only 13 feet. A gallon of fuel is 
taken as 10 lb., which is about correct for tar. The amount 
of fuel fed is simply regulated by the amount of steam used, 
and this draws in more or less air as required by the fuel, and 
very little regulation of the air inlets is required. A trunk 
casing is placed round each burner with opening downwards to 
reduce noise. This gives very effectual silencing. These air 
trunks may be all coupled to a common air main brought from 
outside the building. As seen by the Author, burning oil gas 
tar of Sp. Gr. 104 in a Lancashire boiler the system was smoke- 
less and very silent. The Hydroleum atomizer will be found 
described in the chapter on atomizers. 



CHAPTER XIV 


THE COMBUSTION OF VAPORIZED LIQUIDS 

The Clarkson and Capel Burner. 

I N this burner system the liquid employed is preferably the 
cheaper and commoner qualities of lamp oil. The 
burner shown (Fig. 57) is one that is fitted to floating fire 
engines. It is capable of burning 40 gallons of oil per hour 
and of developing up to 200 h.p. 

There is a gas ring to give the initial heat to vaporize the oil. 
The jets heat the coils to which the oil is fed, and the vapour 
passes from the coil to the rear of the long casting, which it 
enters through a small orifice controlled by a needle point. 
Air is admitted by a door at the back end and tlie vapour and 
air are thoroughly mixed in the pipe and issue round the lip 
of the mushroom valve, where ignition takes place and a large 
flaring flame of great intensity, is formed, the heat from which 
now vaporizes the oil in the coil, and the process is continuous. 
The oil is under pressure in the supply tank, the pressure being 
generated by an air pump. The pressure forces the oil through 
the system, and when, in vaporized form, this reaches the jet 
nozzle, it issues with a high velocity and induces a large, flow 
of air through the valve. The needle of the^jct nozzle is worked 
by the same controlling lever as regulates the cap of the burner. 
In the course of this lever, which is of compound order, is a 
maximum and minimum stop that can be regulated to prevent 
excessive opening or entire extinguishing of the flame. The 
hand wheel of the larger burner in Fig. 57 shows how this is 
effected. 

In the automobile pattern (Fig. 68) the initial heating device 
is a spirit trough containing a coil of nickel wire. Petrol or 
alcohol can be employed. The burner is placed ii^ the cylindrical 
base of the boiler ; the case bottom is perforated for air admis- 
sion and provided with a door for inspection. 

A‘ system of preliminary heating by means of paraffin con- 
sists a series of asbestos wicks provided with an air 
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draught by a small fan and fed with a limited quantity of 
paraffin from a small cup, the main supply of oil being heated 

in the |-inch coil. 



After the cftpful of 
paraffin is finished the 
flame of the main 
burner will be burning 
and will provide heat 
for further vaporiza- 
tion. 

For use in automo- 
biles, small steam-boats, 
the cheap fofins of 
lamp oil are commerci- 
ally practicable, though 
they would be too ex- 
pensive for ordinary 
continuous industrial 
steam raising purposes. 
For other reasons these 
oils commend them- 
selves for the purposes 
of fire engines and fire 
floats. Here the use of 
expensive fuel is war- 
ranted by the nature of 
the service, namely, the 
extinguishment of a fire 
that may be consuming 
valuable buildings and 
their contents. Even 
the Jighter petrols are 
used for steam raising 
purposes in certain 
forms of steam cars, 
the petrol being sprayed 
upon a hot cast iron 
plate through which fine 
jets of air are intro- 
duced and the heat is 
utilized t^o raise steam 
in coil boilers of the 


flash type into which water is injected to provide the steam 
for mst^t use. 


In tjie Clarkson system one pound of oil can be counted 

t 
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upon to give an evaporation of 10 pounds of water from 80°C., 
to steam at 200 pounds, or an equivalent evaporation from 212° 
F. of nearly 11 pounds. The oil receptacle is usually worked ' 
at a pressure of 40 pounds, and the cheaper grades of Russian 
oil are perhaps the most suitable, such as Rocklight, Lustre, etc. 

As stated elsewhere, the calorific capacity of all the petroleum 
products is practically identical, the lighter oils being more 
powerful because they contain the highest percentage of hydro- 
gen, but the difference is immaterial. The evaporative effici- 
ency of the small boilers of cars and canoes, is less than that of 
large boilers simply because it is not desirable to load up a car 
with too great a weight of heating surface. 

In the starting device employed on automobile cars, a pad 
fed with a drop feed of oil is ignited by a match and gives pre- 
liminary heat to the burner. 

The combustion of petrol is a special case of vaporization 
before combustion. Petrol has such a low flash point that it 
is absorbed by air passing over it, with great avidity. 

Petrol engines arc simply gas engines with electric ignition 
which use petrolized air. The petrol is fed into a vessel called 
the carburettor in small quantities by the action of a float, and 
it is taken up by a stream of air which is drawn through the 
vessel by the pistons of the engine. The petrol is used as 
supplied. Petrol being a mixture of different hydrocarbons 
wdth each its own flash point, no system of petrolizing of air 
can be satisfactory wlierc the air is drawn over a mass of petrol, 
for the air will select first the lighter constituents and leave 
the heavier behind. In all cases the petrol must bo put within 
reach of the air in small quantities at once, so that the whole 
portion added is carried off by the stream of air before more is 
add^d. The evaporation by the air produces a chilling effect 
and raises the fla^ point of the liquid. Carburettors must 
therefore be warmed by a hot water jacket or by the exhaust 
gases of the engine. 

The lamp oil qualities of paraffin may be atomized by air 
into the space below a perforated disc of metal forming the 
cover of a shallow drum. The vaporized paraffin issues from 
the slits of the burner plate and burns with a blue Bunsen 
flame and this burner is used for small boilers of the flash type. 
The flame keeps the burner plate hot enough to vaporize the 
paraffin in the* space below, * An initial heater is necessary for 
starting the burner, 



CHAPTER XV 

COMPARISON OF AIR AND STEAM ATOMIZATION 

The Ellis and Eaves System. 

I N this system, the atomizing is done by steam, and heated 
air is supplied to the furnaces, the draught being fan 
induced. The air is Iicated in tubular heaters having two- 
thirds of the boiler heating surface, and placed over the boiler 
in the course of the gases to the fan, as shown in Fig. 59 ; the 
admission of air to the furnaces being, as in Fig. 60, round the 
outside of the atomizer. 

Tests were also made with air as the atomizing agent. 
The air pressure was 20 pounds per sc^uare inch, and the results 
are given below. A subsequent test with air at 35 pounds 
pressure showed 11,108 pounds of water per hour from and at 
212°F. per pound of coal and 15*40 pounds per pound of oil. This 
is somewhat less than with air at the more moderate pressure of 
20 pounds. The atomizing air had a temperature of 80°F. 
only, or it might have given better results. 

The difference between steam and air atomizing seems to be 
practically nil. For land work it remains simply to confpare 
the amount of steam used direct with that flsed in compressing 
the air. 

The analysis of the flue gases showed a mean result of 11-2 
per cent, of COa and 10 per cent, of oxygen in the left hand 
furnace and 141 per cent, of CO 2 and 8 4 of oxygen in the 
right hand furnace, the mean of both being CO 2 =12-6, 
0=9-6, CO =0. 

The tests made with this system of induced draught and oil 
fuel burning, of six hours' duration, were a success, but the 
question was raised whether the System could bo worked for a 
lengthened period without giving trouble through deposits of 
soot,and unconsumed oil becoming ignited in the air heater and 
casings, and a continuous test of 120 hours was made, careful 
observitions being taken of the temperatures, evaporations, etc, 
* m 
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Particulars of boiler, wl ijli were the same as in the previous 
tests — , 

12 ft. ijacan diameter by 11 ft. mean length, fitted with two 
Purves furnaces of 3 ft. 9 in. inside diameter. 



148 Serve tubes, Sj in. outside diameter by 7 ft. 9 in. long 
and retarders. 

Heating surface, 1,200 sq, ft. Grate surface (for coal burn* 
ing) 43 sq. feet. 



Fig. 60. Ellis anl Eaves System, Fcrnack Door Arrangement. 


• 

Ratio of H.S. to G.S. 28 to 1. 

Fitted with the Ellis and Eaves system of induced draught. 
Surface in air heating tubes, 800 sq. ft. 

Puuneter of Fan wheel, 7 ft, 6 in. 
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The boiler feed supply was taken from two tanks, each of 
800 gallons and two oil supply tanks for burners, having a 
capacity of about 900 gallons each were provided.. The oil 
was fed to burners at 75°F. 

Steam to the burners was supplied at 70 pounds per square 
inch. Texas oil was used, closed flash point 185, calorific 
value 18400 B.Th.U. Sp. gr. 0 915. 

Smoke was visible for a few seconds when changing over the 
oil tanks about every eight hours. Heated air was provided ; 
the difference in right and left hand temperatures of air entering 
the fires being duo to the fact that the right hand air heating 
box and air casings are protected from the weather by a wall, 
and also that the air entering these is at a higher temptrature, 
duo to radiation from the fan discharge. 

The test was started on Monday, December 15, 1902, at 
eleven a.m., the boiler being cleaned before starting, and was 
continued night and day till eleven a.m. on Saturday, December 
20, the installation working without a hitch during the whole 
of that time. Burners required cleaning occasionally, but 
this was carried out one at a time, and only occupied a few 
minutes. Hot air was admitted to the furnaces, the greater 
portion of this only being admitted round about the burners 
through vena-contracta nozzles. 

At the end of the trial the boiler, air heater casings, etc., 
were opened up and examined by representatives of the Wall- 
send Slipway Co. and the International Mercantile Marine Co., 
and found to bo perfectly clean and in good order, there being 
no indication of flaming in the casings. From the foregoing 
and a perusal of the following tables, the perfect copibustion 
of the oil may be attributed to the use of heated air ; no smoke 
is formed and there is no deposit of inflammable oil or soot on 
the tubes or casings to take fire. ' 

From the table on page 227 the advantages of air heating are 
shown up clearly. Air which enters the heater at about 54°F. 
leaves it at about 284®F., having taken up 230° of temper- 
ature, all of which is absorbed from the furnace gases, which 
are reduced from about 760°F. to 520°F. more or less. They lose 
the 230° gained by the air, and this alone represents a very 
considerable economy, something like 33 per cent, of the other- 
wise waste heat passing up the chimney. The fan efficiency 
is also increased. Assuming tha\ the furnace •temperature is 
2,800°F. the heating of the air by the waste gases would appear 
to represent an economy of fuel of 8 to 10 per cent., apart 
from the higher boiler efficiency due to increased temperature 
Jbead, < 
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Air heating is thus advantageous both in economy and more 
perfect combustion. 

Steam Atomization. 


Time. 

S 

Fan 

Revo- 

lutions 

Vac- 

uum 

1 at 
' Kan 
Suc- 
tion, 

Vac- 

uum 

at 

Fur- 

Tem- 
per- 
ature 
of Air 

Heated Air 
entering Fires. 

Ksoap- 

iiig 

Gabes 

euU'ring 

liSs 

Teni- 
F.n ; f'- 
Suction, 

Water 

Time 
taken to 
empty 
Tanks. 

ou. 



nacp 

in{( 

Heater 

Left. 

Bight. 

Air 

Heater. 

Tank 

1. 

Mins. 

Tank 

MFns. 

Gall. 

10-0 

145 

305 

2r 

r 

76°F. 

'235°F. 

300°F. 

700°F. 

476°F. 60°F. 

46 



10.30 

135 •SOJ 

2r 

r 

75° 

235° 

290° 

700° 

476° |00° 


49 

82} 

11.0 
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2r 

r 

75° 

232° 
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095° 

470° '55° 

1 




11.30 
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2y 

r 

75° 

230° 

285° 

095° 

470° '58° 

1 

66 


80 

12.0 
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300 

2r 

r 

75° 

227° 

276° 

076° 

456° |68° 




12.30 
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2r 
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41 
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308 

‘2|7 
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f 

Water evap. per hour. I 

Actual observed conditions.] 

10,891 

Ib. 

j Water evap. per lb. of Oil. 
Actual observed conditions. 

13-4 

lb. 

Water evap. per hour. 

13,145 

Water eva}). per lb. of Oil 
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from and at 212° Fah. 

lb. 

from and at 212° Fah. 

lb. 

Water evap. per sq. ft. H.S, 

9 

Water evap. per sq. ft. H.S. 

109 
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lb. 

from and at 212° Fah. 

lb. 

Theoretical total heat value 
of Oil in Ib. of water from 

1 

19 14, 

Efficiency of Boiler. 

84 % 

and at 212^ Fah. * 

lb. 



The steam tests were of 6 hours’ duration, those with air of 
four hours’. 


p 
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Am Atomization. 
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CHAPTER XVI 


TIIE STORAGE AND DISTRIBUTION OF LIQUID FUEL 

I N carrying or storing oil, it is necessary to provide for its 
expansion, and it is also necessary to provide a safeguard 
against the rupture of the storage tanks unless these are below 
ground level. Provision must also bo made for the escape 
of any gas or vapour generated from the oil and against danger 
from leakage. 

The tanks used for oil storage liave a diameter of from 40 
to 70 feet. Some arc as large as 90 feet, and the largest will 
hold over one million gallons, or 11,300 gallons per inch of 
depth. To prevent danger, should a tank fail, it ought to 
bo surrounded by a moat capable of holding the contents of 
the tank. Both crude oil and the refined products are now 
carried in specially constructed tank steamers, some of which 
will carry as much as 8,500 tons of oil. 

At Liverpool these steamers are discharged through an 
8-inch pipe into vertical tanks of 2,000 and 3,000 tons capacity. 
The carrying space in the steamers is formed by riveted bulk- 
heads across the ship, the skin of the ship itself forming sides 
to the tanks, the screw shaft being laid ip a tunnel. Refined 
oil possesses such penetrative properties that the riveting of 
such tanks must bo carefully done, and the rivet spacing is 
closer than m ordinary work. The tanks ought to be full of 
oil, and they must not be too large, a bulkhead being placed at 
intervals not wider than 24 feet. These bulkheads must be 
stiff enough to stand the unsupported pressure of the liquid 
upon one side only, together with such extra stress as may be 
caused by the movement of the vessel. The specific gravity 
of petroleum varies considerably, but an approximate rule 
to cover all cases of oil pressure is P == 0 40 H, where P is the 
pQunds pressure per square inch and H is the depth in feet below 
the top level of the oil, which may of course be some distance up 
the expansion tanks. 

* It is not considered safe to store Texas crude oil nearer to 
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boilers than 500 feet, and in case of a spouting well all fires 
within 500 feet are extinguished. 

Where oil is used freely as fuel it may be lead to the different 
establishihents by pipes in preference to carting it in tanks. 
The pipes ought to be of wrought iron or steel, carefully thread- 
ed and fitt^ together with sound and carefully threaded 
sockets. Pipe joints may be made in three ways : (a) The pipes 
are screwed tapering and tJie .sockets ought to bo threaded 
similarly from each end by a tapering tap, so that a tight joint 
may be secured ; (h) Back nuts may bo employed to reinforce 
the sockets by aid of an interposed fi])rous ring ; (c) The pipe 
ends may be truly faced off exactly at right angles to the axis 
of the threading, a compressible, but thin, washer of soft metal 
or fibre being interposed between the ends of the abutting 
pipes. Sucli pipes meet together hi the sockets like artesian 
drive pipes. 

Ordinary pipes, if found to leak after being put together, 
should be caulked round the ends of the sockets. Before 
screwing together the threads ought to be painted with some 
cement not soluble in petroleum. Litharge and glycerhie is 
recommended. Many of the precautions witli regard to oil 
arise from the fact that, being lighter than water, it may be 
carried up and down a tidal river and spread a general conflag- 
ration. Bemg liquid, it will travel by gravity to long distances. 
Where, to avoid danger, oil is stored in buried vaults, there is 
danger of the accumulation of explosive vapours, and ventila- 
tion is reciuired ; the outlet of a ventilating shaft should 
be well exposed and out of such danger as the throwing of a 
lighted match from some point above. Where ventilation 
does not fake place freely, it might be necessary to use positive 
means of drawing out the air from a tank chamber or to assist 
the action of the veittilating trunk by a warm water pipe within 
it and a swivelling cowl head. 

To deal with the liquid fuel locomotives of the Great ]i]a8tem 
Railway, there were provided a scries of underground tanks of a 
capacity in the aggregate of 50,000 gallons, filled direct from 
the travelling tanks of the railway. 

From these underground tanks a Tangye Special pump lifts 
the oil to cylindrical tanks 20 feet above rail level, and of a 
total capacity of 42,000 gallons. 

Outlet pipes .controlled by waives, operated from a gallery 
above, conduct the oil to cranes similar to an ordinary water 
crane. 

A main line engine will take in 600 gallons of oil in four or 
five minutes. 
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Electric lighting is employed, with portable lamps for the 
^ cranes or filling arms. 

Oil may be stored underground only, and in airtight tanks, 
which are caused to supply the filling arms by pumping air 
into the tanks above the oil, the air brake pump of the locomo- 
tive itself doing this work. 

The tanks of the tender are filled through a fine gauze strainer, 
protecU‘d by a perforated cylinder, so that everything iij the 
shape of an obstruction is filtered out, and the gauze also 
serves to pn^vent ignition of any possible vapour in the tank, 
acting to prev(‘nt this on the well known principle of the miner’s 
safety lamp. This jirecaufioii is more necessary where crude 
oils are uschI than for the higher flash point residues, c. 

On the Orazi and Tsaritzin Railway Mr. Urcpihart, in his 
18S4 ^ pajier gave the lt‘ngth of line worked with petroleum as 
from Tsaritzin to Rurnaek, 201 miles, and a total of 428 miles, 
including the Volga- Don branch. There is a main reservoir 
for petroleinii, at each of the four engine sheds, Of feet diameter 
and 24 fi'ct high, and about 2,050 tons capacity. The reservoir 
stands a gootl way from the line aiul from dwelling houses and 
buildings. 

On a spc'cial siding are placed 10 (‘istern cars full of oil, the 
capacity of each being about 10 tons. From eacli car a connec- 
tion is made by a flexible india-rubber pipe to one of the ten 
8tandpi[)es, which project one foot above the ground line. 
Parallel with the rails is laid a main ])ipe, with which the ten 
standpipes are connected, thus forming one general suction 
main. About the middle of the length of the main, which is 
laid undergound and covered with sawdust or other non- 
conducting material, is a steam ])ump which in about one hour 
discharges the whok‘ of the cars into the main reservoir. ’ The 
pipes are all wrought iron, lap wt'kled, inch socketed. 

At each shed there is an elevated tank (Fig. 61) 8| feet dia- 
meter by 6 feet deep, built of | in. plate, to serve as a distribut- 
ing tank to the locomotives. A divided scale shows exactly 
how many poods of oil have been drawn out, the amount 
being corrected for temperature at intervals of 8'"R. — 18°F. 
rzrlOT., the scale ranging from 24°R. to — 24'’R. — 86°F. 
to — 22®F., the quantity and temperature being entered in the 
driver’s book. The heaviest refuse has a specific gravity of 
0-921 at 0°C. — 32°F., so that 39 cubic feet measure one ton, 
or 67 -4 pounds ™ 1 cubic foot. Lighter refuse has a specific 

* Proccedinja of the hi'Hitution of Mechanical Engineers, 1884. 

* 1 pood « 36' 114 English pounds = 40 pounds Kussieui. 62 0257 
» poods *■ I ton. 
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Fig. 61. Distributing Tank rou Oil Fuel. Ouazi and TsARiTzm 
Railway. 

gravity of 0 889 — 40| cubic feet per ton, or 56J pounds per 
cubic fo»t. 

Tlie enginccr-in-charge at each station is provided with a 
hydrometer and tl^ermomcter to deal with the ten different 
grades of liquid, eacli grade having its own peculiar sp. gr. and 
co-efficient of expansion. Table XIII gives useful information 
on this subject. 


Oil Pumps, 

Any pump which will pump water will pump oil, if not too 
viscid. So long as an oil is free from the more volatile hydro- 
carbons, it can be lifted by suction from a depth greater than 
is possible wirti water, in inVerse ratio to its specific gravity. 
By weight a pump will throw less oil than water, but it should 
throw an equal volume. 

For rapidly transferring large bodies of oil from a ship to a 
storage tank, the centrifugal pump is very convenient. TherOi 
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are also nameroua other rotary pumps of the positive propulsion 

type similar to the Roots’ Blower. But Viscjd oil can hardly 
bo moved by a centrifugal pump. « 



Fig. 62. Weir’s Oil Pump. 


Valves of india-rubber must of course be avoided, and only 
Buoh substances employed as will resist the solvent action of 
the oil. Metal valves should prove most generally durable and 
I efficient. Simplicity and reliability are the characteristics 
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desired in a pump. For bunker filling especially the pump 
must be of ample capacity, so that a ship may not be long 
detained ^hen calling for fuel in port. 

An example of a bunkering pump is the Weir PaU^nt Pump 
for oil pumping as shown in Fig. 62. Tliis is of the direct 
double-acting type. The valve gear is positive, i.o, the steam 
valve can never be in such a position that the pump will not 
start immediately after the steam is turned on. The valve 
arrangements also ensure constant length of stroke and cer- 
tainty of action. 

The steam valve consists of a “ 1) ” slide valve with a small 
auxiliary valve working on the back. These are the only 
moving ^arts proper in the steam chest, so that there is little 
opportunity for wear and no delicate adjustments to get out 
of order. 

The oil end as shown is fitted with \\'(‘ir group valves, 
which provide a large area with only a small lift, thus ensuring 
easy W'orking and little wear and tear. In nion^ recent types 
these valves are of the Kinghorn type and the discharge 
branches look upward, not outward. In larger sizes tlie 
piston rods are divided, and the two are connected by a scnjwed 
crosshead. 

The pump is specially economical in steam consumption, 
and is simple and with all its parts easily accessible. The 
front elevation show's that there is a separate valve chamber 
for each end of the pump cylinder, the valves being grouped 
on the valve plate round a central valve. With long pump 
buckets there should be no need to use rings. The bucket 
simply r^uires to be turned a good but free fit in its barrel 
and grooved with square edged grooves J" wide x VV' deep, 
spaced about I " centres. Ihis plan is very effectual w ith water, 
and should be perfect for oil of the consistency of fuel oil. 


Flue Gas Analysis. 

The analysis of flue gases is undertaken for the purpose of 
showing the perfection of the combustion and the excess of air 
employed. 

Considering that about 9 per cent, more coal is consumed if 
the percentage of CO 2 is 8 per cent, instead of 13 per cent., the 
waste of coal wiU amount td 900 tons a year in 10,000 tons 
burned. Oil stands on the same level. 

In practice, about 1-3 times the theoretical quantity of air is 
required to effect perfect combustion. 

How much coal is wasted, if the percentage of carbonic acid ^ 
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gas falls to a low level, may be seen at a glance from the follow- 
ing table — 


IVrcciitago of 
C()2 . . . 

2 

3 

4 

5 

6 

7i 

8 

1 

9 1 10 

11 

12 

1 

13 

14 

16 

Lohs of fuel in 
per cent, 
against the 
theoretically 
lowe.st po.H- 
aiblo quantity 

1 

I 90 

GO 

45 

3G 

30 

26 

23 

i 

i 

1 

20 18 

IG 

15 

14 

13 

12 


It is not possible to tell from the appearance of the fire in the 
furnace the percentage of COo. 

As one pound of carbon requires a miniinum of 1 U ppunds of 
air for perfect combustion, it will produce 12.J pounds of total 
furnace gas, and of this ^ j pounds will be ('O 2 : that is, fully 
29 per c(‘tit. by weight or nearly 21 per cent, by volume. For 
anthracite coal free from hydrogen the excess of air can be 
calculated from the percentage of CO 2 in the Hue gas. 

For fuels containing hydrogen, the analysis being done cold, 
the steam which is produced by the hydrogen is therefore not 
measured, this steam is less in volume than the nitrogen of the 
air which suf)plicd oxygen to burn the hydrogen. The per- 
centage of CO 2 in the flue gas thus appears smaller with the 
more hydrogenous fuels than it docs with the less hydrogenous 
fuel . J^ut in every case the actual percentage can be calculated, 
and, once known, subseciuent records can be compared with 
the calculated datum line. 

A fuel containing hydrogem to the extent of one per cent, 
demands 55 0 litres of oxygiai per kilo, of coal, or 0-9 cubic 
foot per pound, to satisfy the hydrogen. ** 

The following tabular numbers give the volume of oxygen per 
kilo, andperpoimd of coal for various perc Ait ages of hydrogen. 


Per (’('III. 

1 . 




Litres |H'r kilo. 

65-9 . . 




('ul)io ft. ))or lb. 
0-9 

i) 




. 1120 . . 




1-8 

3 . 




1G80 . . 




. 2-7 

4 . 




. 2230 . . 




. 3'6 

5 . 




. 279 0 . . 




4-5 

0 . 




. 33G0 . . 




6-4 

7 . 




. 3910 . . 




6-3 

8 . 




. 44G0 . . 




. 7-2 

9 . 




. 604 0 . . 




8-1 

10 . 




. 659-0* . . 



• 

9-0 

11 . 




. G160 . . 




9’9 

, 12 . 




. 6720 . . 




. 10-8 

13 . 




. 727 0 . . 




. 11-7 

.14 . 




. 782-0 . . 




. 12-6 

16 . 




, 837-0 . . 




. 13-5 

16 . 




. . 892-0 . . 




. 14-4 



STbRAGE AND* DISTRIBUTION OF LIQUID FUEL 235 


In calculating the volume of dry gas from analysis, any 
hydrocarbon gas is calculated as though it were siinply carbon » 
vapour a weight of 1 072 grams per litre. 

At 0°C. and 760 mm. pressure, 

Molecular weight 

1 litre of (’O 2 =1 066 gram 44. 

1 „ „CO ^12r>l „ .r„-28. 

1 ,, ,, C vapour “ 1 072 „ 12. 

Each volume of CO 2 contains \\ of its weiglit of carbon, or 
1-966 X VV -- 0 536 grams per litre. Similarly, the proportion 
of carbon in carbonic oxide is ~ of the weight, or 1 251 x j - 

0- 536 gsams per litre, the weight of carbon vapour being 1072 
grams per litre. 

Thus the total weight of carbon is C : :0-53() (r -f v') -f 

1- 072 v" where v, v' and v" are the volumes of CO.., (’0, and 
carbon vapour in litres per each eubi(‘ metre or per 1 ,000 volumes 
of flue gas. 

For British units the formula becomes 0 r- 0 0335 ^ ) 

+ 0-06693 v" where v, v' and v" are the volumes in cubic feet 
per thousand feet of Hue gas. 

Kent’s formula for the weight of dry gas per pound of carbon 

is— 

^,11,002 + 80-1-7 (0 -f-N) 

3 (CO 2 + (’O) 


Having found this weight of dry gas from the analysis of the 
furnace gases, there must be a(Jd(‘d the ])roportion necessary 
for the steam produced. This will measure 9 by weight for 
each unit weight of hydrogen, and, the density of steam being 9, 
the relative volume may be found, or it may be taken from t le 
above table. 

By formula the total volume of gases thus becomes. 


V = 


c 

0 536 (v+v') + 1 07211' 


+ 55 9 H -f A, 


where H is the percentage of hydrogen in the fuel, and A is the 
combined volume of nitrogen and excess of air. 

In analysing a furnace gas there are two main methods. 
One is to take frequent samples rapidly in a bottle and analyse 
this by the Orsat apparatus : the other is to take a sample, 
known as a long sample, by means of a modification of the 
Sprengel pump, the time of filling the sample bottle 
extended to any duration wished, even several hours. The^ 
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analysis of this long sample gives the average furnace per- 
formance over the whole time. Short samples may be taken 
and analysed throughout the period of taking ^he long 
sample. 

For these analyses the Orsat apparatus may be employed 
as most convenient. A de.scription of this will be found in the 
author’s work on Liquid Fuel and its Combustion and in manuals 
on gas analysis. There are numerous instruments devised 
automatically to analyse flue gases so far as their contents of CO^ 
is concerned. The Arndt apparatus keeps a continuous record 
of the density of the gases whence the percentage of CO 2 is 
shown by a pointer, and it may be arranged to show a 
continuous record. Tlie Ados apparatus actually analyses 
small samples of the gas every few minutes, and records this on 
a paper band. The apparatus of Simmancc and Abady does 
the same thing in a very simple manner. Descriptions of the 
working of these instruments can be had from the makers. 


Calorimeters. 

While the calorific value of a fuel may be calculated approxi- 
mately by Dulong’s and other similar formulae, experiment 
must bo resorted to for more exact determinations. For 
this purpose a sample of fuel must be actually burned in a very 
complete manner and the heat must be measured which is 
given off. 

Essentially all calorimeters consist of a vessel in which 
a small sample of the fuel to be tested is burned by U stream 
of oxygen. The whole of the heat produced is absorbed by 
water contained in an enclosing case and ihe calorific power 
is calculated from the rise of temperature of the known 
weight of water and of the metal of the instrument. Various 
corrections have to be made and accurate results are only to 
bo obtained with great care. But if a number of samples are 
tested under similar conditions, their comparative values 
may be approximately determined without going to the 
trouble of making corrections which will affect all samples 
alike. 

Descriptions of calorimeters and their metho4ofuse maybe 
found in the Author’s book on Liquid Fuel and its Conibustioni 
and in other works on fuel. 

Tne following table gives the calorific power of a few oils 
and tars. 
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Calobimetbio Values by BertheijOT Mahler Calorimeter 
Elementary Analysis. 


Character of Combustible. 

Carbon. 

Hydro- 

gon. 

Oxygon. 

Nitrogen. 

ColoriQo 

Value. 

Heavy oil from American 
petroleum .... 

86-894 

13-107 



Cals. 

10,912-7 

Refined American petroleum 

85-491 

14-216 



0-203 

11,045-7 

Treble refined American 
petroleum .... 

80-583 

15-101 


4-316 

11,086 

Crude American oil 

1 83-012 

13-389 

— 

3-099 

11,094-1 

Heavy Baku oil ... 

1 86-700 

12-944 

; 



11,804-6 

Novorossisk petroleum, 

Caucasian .... 

' 84-906 

11-636 


9-458 

10,328 

Tar frojp liydraulic main . 

89-910 

4-945 

5-145 

— 

8-9428 

Tar from cooler 

87-222 

5-499 

6-279 

— 

8-8310 

Tar from condenser 

85-183 

5-599 

9-218 

— 

8-8384 


With oil fuel alone the question of draught is of compara- 
tively small importance, for the grate and its load of fuel form 
the chief resistance to di’aught when solid fuels are used. 

The draught due to a chimney arises from the differ- 
ence of pressure of two columns of gas of the height between 
the grate surface and the chimney-top. The column inside the 
chimney is hot because of tJie furnace through which it has 
passed. That outside the chimney has the temperature of 
the outer atmosphere. At a temperature of 30ff^C. (672'’F.) 
the inner column is just about double the absolute temperature 
of the outer column, so that the relative density is one-half. 

The velocity of flow of a gas under any head is v ~ 
where v is the velocity in feet per second, h is the head in feet, 
and 2gr*=: 64 4 or gravity X 2. Gravity ^ 32 2. 

Expressed in metres values of v and h we have v V2 g h, 
where gf 9 81, • 

Assuming that at ordinary temperatures 13 cubic feet of air 
weigh one poimd, the atmospheric pressure of 2,116 pounds per 
square foot represents a column 27,495 feet in height, which 
would flow into a vacuum at a velocity of approximately 
8 V 27,495 == 1,321 feet per second. 

The pressure to produce draught, however, is only measured 
by inches of water pressure. If a chimney has an internal 
absolute temperature double that of the external atmosphere, 
it will contain only one pound of gas for each 26 feet of a 
column of gas 1 foot square, or, what is the same thing, the 
external column is half -balanced only. Thus if H be the height 
of the chimney, H -f- (2 x 13) will give the pressure per square 
.foot, producing draught. Thus a chimney of 104 feet wijl 
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give an acting pressure of 4 pounds. As 1 inch of water gives 
a pressure of 0 036 pounds per square inch, the draught pressure 
of the above chimney would be — 

Having found the pressure, the air column equivalent to 
this must be found. Water weighs 62-4 pounds per cubic foot. 
Air weighs 0 077 pounds, whence the equivalent air column, in 
feet per inch of water column will be found. 


62 4 

12 X 0 077 


= 67 feet. 


The velocity of flow is then 8 \/67 H or fully 64 a/H where H 
is the pressure in inches shown by the actual water gauge. In 
coal-fired furnaces Hie reading of the draught gauge is much 
greater at the chimney base than in the flues, for the friction of 
the flues exerts (MmsidcTabU*. n sistancc. The simplest form of 
water gauge is a bent glass tube of U form, one end being open 
to the afniosphere, the other connected by a piece of india- 
rubber tubing to a piece of pipe which enters the flues at the 
point where tlie draught intensity is sought. 

It is convenient to remember that where the velocity of 
flow due to head in feet in v=V2 g h, that due to a pressure 
as shown in inches of water is almost exactly z=2gVJL All 
these figures can only lie approximate, because they will 
vary with tlio temperature. They are sufficiently accurate 
to base designs upon in respect of providing sufficient openings 
for air to burn the oil. 

The following table of velocities of air for a few pressures in 
indies of water will be useful— * 


Pressure in 

Velocity of 

air in foot. 




Per second. 

Per minuto. 

0-1 

20-7 

1,243 

0*2 

29-3 

1,758 

0-3 

3.5-8 

2,150 

0*4 

41-4 

2,485 

0-5 

40-3 

2,778 

0-6 

50-7 ^ 

3,043 

0-7 

64-8 

• 3,287 

0-8 

68-6 

3,513 

, 0-9 

621 

3,726 

1-0 

65*4 

3,927 

20 

92-4 

5,547 
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An ordinary U gauge is not capable of being finely read. 
It possesses a capillarity which is difficult to allow for and will 
not serve for accurate work. A better gauge consists of a 
glass-fronted box in two divisions partly filled with water. 
A hook gauge, reading on a scale, permits very accurate mea- 
surement. Descriptions of this and other gauges may bo 
found in the Author s larger work and in other works on solid 
fuels. But since with soUd fuels the greater part of t he draught 
is used in overcoming grate resistance the {|ue.stion is of com- 
paratively small importance where licpiid fuel alone is em- 
ployed, since unencumbered furnaces and tines with a short 
chimney appear capable of carrying away all the gases from 
liquid fijel. 

In coal firing, about three-fourths of the draught is swal- 
lowed up by grate and fuel friction. With oil firing alone 
and no grate friction there is usually ample velocity oft lie in- 
flowing air. The chimney, in fact, ceases to possess so much 
importance, but must be large enough in area to carry off the 
waste gases. 

The weight of a cubic foot of air at O'^C. — • 32°F. being 
0 08 lb., that at any other temperature will be 

0 08 X 273 , ^ . , . , , 

where i is expressed m degrees Centigrade 


and 


0 08 X 401 
f + 450 


where f is in degrees Fahrenheit. 


By these formula 3 may be calculated the weight of air inside 
and outside a chimney. The difference of the two is the 
pressure to produce draught per foot of chimney height. 

Calling D and d tlie greater and less d(‘nsities the equivalent 
height of a columnffor any ehimney of height = h ft. will be 
L =ih (^') and the velocity of flow per second will bo 
V ~V2g L where L is the equivalent column in feet. 

In all the foregoing the specific gravity of furnace gas is 
assumed equal to that of air of the same temperature, the 
steam balancing the carbonic acid more or less closely. 

Seeing that draught is of less importance with liquid fuel, 
it is permissible to reduce the furnace pnxlucts to a lower 
temperature if facilities can be had for doing this. The smaller 
excess of air with which perfect combustion can be secured is 
a factor in rendering more efficient the heating surfaces of the 
boiler, and reduced flue gas temperatures are a natural con- 
seqence of liquid fuel. 

• A chirmiey must be large enough to pyass all the products of 
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a furnace at a certain given velocity of flow. The calculation 
of chimney area is thus simple. Assuming the velocity of flow 
of gas to be 30 feet per second, it is simply necessary to divide 
the volume of gas produced per second by 30. The result is 
the area in square feet of the chimney. To find the volume 
of gas produced per second, the fuel consumption per second 
is first found as follows in pounds — 




W x 2,240 
H X 3,600 


where W is the daily consumption in tons 


and H the daily hours. Then P x 20 = pounds of gas = G. 
At ordinary temperatures one pound of gas measures 13 cubic 
feet very closely. At the chimney temperature it wilUmeasure 
20 to 26 feet. Let 22 be assumed : then fr x 22 30 will 

give tlic area of the chimney inside — A. The chimney will 
measure, if square, VA, on each side, or, if round, its diameter 
will be D =1128 VJl. 

With oil a very small drauglit will draw in enough air for 
perfect combustion, and it is usually necessary rather to check 
the flow of the gases through the flujes, only sufficient draught 
being required to remove the products of combustion as formed. 
Chimneys of small altitude will do this, for they do not require 
to overcome any grate or fuel-bed resistance. In locomotives, 
tor example, the steam blast may be considerably reduced, 
and on the Great Eastern Railway of England the MacAllan 
variable blast-pipe is enlarged from 6 inches with coal to 5J 
inches diameter with oil to the reduction of the back pressure 
on the pistons and economy of steam in consequence. In 
foreign locomotive practice it is usual to employ caps over the 
chimney-top in order to save the loss of heat when running 
down grade or standing idle. Mr. Urquhart continued to use 
this cap with his oil-fired engines, and though it presents an 
odd appearance to English eyes, the cap has advantages. 
Applied to stationary work it is represented ordinarily by a 
damper at the chimney-base, and is thus recognized as good, 
but it is not used in locomotive work. It affords a ready 
means of regulating the fires, and cannot quite be replaced 
by the ash-pit damper, wliich is heavier to work and is by no 
means ahvays so tight-shutting as it should be. 

A very usual remedy for a bad draught in coal-fired furnaces 
is a steam jet. In oil-firing this aid to draught is present in 
the^ atomizer, which really replaces the need for a certain 
chimney or fan effect. The area of chimneys must not be 
ocdcukted from the horse-power to be developed. The actual 
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fuel consumption should be worked from. The fuel per horse- 
pofirer hour will vary according to the load-factor and other 
conditions^ and largo stations will use less fuel per horse-power 
hour than will small stations with smaller load-factors. Each 
case must stand by itself. A very small draught will give a 
velocity of 30 feet per second. Ordinary rules for chinmeys 
provide for areas that will reduce the velocity of flow to much 
less than the foregoing 30 feet per second, but it is doubtful if 
such large areas arc necessary with liquid fuel, and it is certain 
that a chinmey hitherto used for solid fuel will serve well when 
a change is made to liquid fuel. Experience so far is lacking 
on the question of chimney practice for liquid fuel work, but 
the subj^t may be appromdicd from the standpoint above, 
viz., that with liquid fuel not only is the resistance of the fuel 
on the grate eliminated but there is added a propelling force 
in the atomizer which, if applied to a poor draught in a coal- 
buming furnace, would render such draught good and sufficient. 
Bearing these points in mind, the ordinary treatises on draught 
may be studied with advantage as regards the effect of height 
upon velocity of flow. But the ordinary rules otherwise have 
little application to liquid fuel conditions. 



CHAPTER XVII 


COMPRESSED AIR AND AIR COMPRESSORS 

T he use of air as the atomizing agent has been delayed 
because steam is more readily obtained, and where 
the loss of fresh water in the form of steam is not a serious 
matter, it is claimed that steam is a cheaper agent than air, 
which must be compressed by steam power to begin with. 
But steam is not a supporter of combustion, and air is ; and 
there is a tendency to-day to employ air where possible, 
and to use it hot. Air being so nearly a perfect gas, the whole 
work of compressing it is practically converted into heat, 
and the temperature of the compressed air is raised. In the 
compression of air to 60 pounds per square inch or more it is 
usual to compress in two stages, cooling both cylinders by means 
of a water jacket, and cooling the air between the two stages by 
means of a tubular receiver or a sufficient area of exposed 
tubes, lint in fuel atomizing a pressure of 15 pounds to 20 
by gauge is usually held to be ample, and generally it is not 
necessary to use air at the same high pressure as steam. Air is 
much heavier than steam, and more energetic per unit volume. 
But this does not apply to air which must of necessity be intro- 
duced into the furnace and is required for the proper combustion 
of the fuel. Air compressors are somewhate awkward machines, 
and, especially on shipboard, are not easily housed. For oil 
atomizing it is not necessary to employ a two-stage com- 
pressor. The lieat of compression is not great for the first 
moderate stage of 15 to 30 pounds, and after the air leaves the 
compressor it should be heated on its way to the atomizer. 
This is usually elfected by means of pipes in the flues of the 
stationary boiler or in the smoke-box of the locomotive. 

The curve of isothermal compression of a perfect gas is the 
hyperbola, the equation to ther curve being such that Pv = 
constant, 

[Thus two cubic feet at 40 pounds absolute pressure become 
one cubic foot at 80 pounds, but the temperature remains 
ponstant. ^ 

' m 
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When air is compressed acbabatically, or without loss or 
gain of heat, its curve has the equation — 


p _ /vy 

P \v/ 


P being the pressure corresponding to the small volume r, 
and V the volume at small pressure j). 

Assuming the voIuiik* v 1 we have — 
p \n 

- or P=:^ p 

;> 1 

Thus air at pressure j) - 15 is compressed to P - 90. 

P 

Thenr- — = 0 and tlie relative volumes ludorc* and after com- 
P 

pression are for v ^ 1 . 

yi 40^ j) 

r- :6 

i P 

The log. of 0 is 0 77815 

and 0 77815 -- 1 408 0 55200, which is tlie log. of 3 57 V, 

Thus in place of an original 0 vols. of air, only 3 57 will bo 
needed to give a tinal volume of 1 , owing to the increased 
volume due to temperature ri.s(\ For a mod(‘rate compression 
of 2 only we shall have V : 2 . The log. of 2 is 0 30103 
and 0 301t>3 -y 1 408 —0 2138, which is tlie log. of 1 03(), 
this being the number of eompre.s.sion 8 necessary to give a 
double pressure instead of two compressions, had the tempera- 
ture been kept doun or V — 1 030. 

The heat generated in compressing a gas from a pressure of p 
to a prcBsure of p^ is — 


i3d5T, 

7—1 




where, 7 , according to Pankine, is 1 408 ; p and pi are the 
initial and final pressures in atmospheres and H — foot-pounds, 
Tq being the absolute temperature whence the heat units per 
pound of air compressed will be H 772, and the temperature 
H 

. ; 0-237 being the specific heat of air. 

772 X 0-237 ’ ^ * 

The work done in compressing and delivering one pound of 
air is thus, in* foot-pounds — 


: 53 15 T - 
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whence can be found the power required for compression. The 
efficiency overall from motor switch-board should not be taken 
above 70 per cent, when 
designing a motor for the 
purpose. The overall 
efficiency of a first-class 
air com])rcssor is said to 
exceed 70 per cent, with 
its electric motor, but or- 
dinary compressors cannot 
be calculated above 50 per 
cent. 

Since free air weighs 
one pound for each cubic 
13 feet at ordinary tern- ^ 
peratures, the size of com- 
pressor required for any a 
weight of air is easily 
calculated from the speed 
and piston displacement. 

In a water-cooled compressor the index of the curve of com- 
pression of a good compressor may be safely taken at 7 = 1*2 
in place of 1 408, as in adiabatic compression. 

The subject of air compression is one of such importance in 
respect of liquid fuel combustion as to justify full explanation 
of the peculiar action of a perfect gas. 

Air is so nearly a perfect gas that there is very little internal 



Fig. 03. 



work done upon it when 
it is compressed. All 
the work appears as 
heat. In Fig. 63 ‘"this 
action is shown dia- 
gramatically. A volume 
of air a h at the pres- 
sure 6 71 of one atmo- 
sphere, if compressed 
to several atmospheres 
so slowly that it loses all 
the heat of compression 
at once, will occupy a 
volume o d at the pres- 


Fig. 64. 


sure a c. 

The area a h n % will 


be exactly equal to the area a c d m\ in other words, the 
^prodiwt of pressure and volume is constant. « 
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If compressed quickly, without loss of heat, the curve n k 
will be described and the volume of the compressed air will be 
c h. Th^ rectangle dais equal to the rectangle an for d and n 
are points in the isothermal curve n d. C'onsequently the 
rectangles d i and m n must be equal and n k c i is equal to 
mb nk d, or, in words, the mechanical work of adiabatic com- 
pression is equal to the work done in compression and delivery. 

If, in place of single-stage compression, the double-stage 
system be adopted, the principle of intermediate cooling can 
be employed. Thus, in Fig. 04 compression is first carried to 
the point o ; the compressed air is cooled in the receiver to 
the point j, and arrives at the ultimate pressure a c with a 
volume wery little greater than c d. The diagram is less in 
area than Fig. 63 by tlie area j o k q, and tliis represents energy 
economized during compression. 

These same principles and arguments may be applied to the 
use of air in two stages in place of one. Thus, the compressed 
air may be made to run a pump the exhaust from which is 
carried to a hoisting engine or other motor. 

When compressing air the lieat of compression is dissipated 
to the atmosphere, and when the air is used again in a two- 
stage expansion it is reheated between the stages by absorption 
of heat from the atmosphere, which thus serves the part of a 
general equalizer, absorbing heat from compressed air and 
giving it out again to expanding air. 

It is stated by Lieutenant Winchell that tests made on vari- 
ous atomizers show that each pound of water evaporated 
from and at 212'^F. requires one cubic foot of free air compressed 
to 20 lb« gauge pressure = 35 lb. absolute. Assuming that 
1 lb. of oil will evaporate 13 lb. of water, and that 13 cubic feet 
of air are equivalent to 1 lb,, the figures represent 1 lb. of air to 
atomize 1 lb. of oil. How much power, then, will be required 
to atomize the fuel for 1,000 h.p., using, say, 16 lb. of steam 
per h.p, hour, with an evaporation, say, of 14 lb. per pound of 
oil? Here 1,000 x = 1,143 lb. of oil per hour, or 1,143 
lb. of air. This is 19 lb. of air per minute, to comi^ress which, 
according to equation (2) adiabatically from a temperature 
of 62°F.= 522'^ absol., will require per pound of air — 


r63d6 X 522 X 1408 
408"“" 




95746 X 0 286 ^ ^ 


per pound of air compressed to 20 lb. gauge pressure per minute. 
Aif 70 per cent, efficiency, this becomes •! -2 h.p. nearly, or a 


t 
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total of 22 8 h.p. for tho total engine power of 1,000, which is 
k\s8 than 2| per cent, of the total power ; whereas steam ato- 
mizing requires 3 to 5 per cent, of the total power of a boiler. 
The citation of the air per pound of evaporation is hardly 
a correct metliod, but not much is yet known of this part of 
th(* subject, and meantime one pound of air, or 13 cubic feet 
of free air, should be provided per pound of oil ; and probably 
with the cooling effect allowed for, one brake horse-power will 
compress one pound of air to 20 pounds gauge pressure. The 
figures thus confirm M. Bertin’s orginal ideas, as given below. 

'Fhe above cahailation is for adiabatic compression. 

Per kilogram of air per minute the power expended in air 
compression will be msarly 50 h.p. r 

To spray one kilo, of oil requires 28 0 cubic feet of free air, 
or 812 0 litres. As it- is usual to ord(T air compressors by their 
capacity in cubic feet of free air, the amount of one unit weight 
per unit of oil works out at 13 cubic feet per h.p. hour, more or 
less, according to tfio (‘fliciency of steam engine and boilers, or 
from 20 to 25 cubic feet per minute per 100 h.p. From this 
the size of air compressor can be calculated. 

Thus an air compressor will have, say, a total useful piston 
stroke equal to 3 feet i)er revolution. At 240 revolutions per 
minute, this ix'presents 720 linear feet. With 10 inch dia- 
meter pistons tlie capacity is thus about 390 cubic feet per 
minute, le.ss, .say, 10 per cent, for slip or 350 cubic feet, which 
should sup[)ly about 1,400 to 1,700 h.p. of burners in a fairly 
economical plant. An allowance of ten per cent, for slip is 
enough in these eompre.s.sors for 80 pounds compression, and is 
therefore more than ample for ordinary low pressure ^york. 

Tho compres.sor lends itself readily to electric driving. Auto- 
matic regulating devices are fitted to maintain the air pressure 
constant in the case of electric driving by rheostatic control 
actuated by the air receiver pressure. 

M. Bertin, of the French Navy, states that a good compressor 
will not use half the steam that is used where steam atomizing 
is employed, for steam will comprcvss more than its own weight 
of air up to its own pressure ; and it can hardly be doubted that 
for naval and marine purposes generally the use of air for 
atomizing must eventually become general. 

In tho foregoing calculations the compression of the air has 
been assumed to be adiabatic.' This is not* strictly correct 
even in uncooled cylinders, and some distance from correct- 
ne^ in cooled cylinders, but any error is on the right side, and 
it is better to proportion the air compressors on an adiabatio 
• basilb, 60 that there n»ay be a fair allowance of power. 
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As already stated, where the index of the adiabatic curve is 
y = 1*4, and that of the isothermal curve is y 10, pimdical 
work may be done at values of y 1 2. Expanding air be- 
comes so very cold that between the compressor and the ato- 
mizer air should be heated as hot as possible, in order to 
counteract the chilling efTect. 

For compound compressors, which so far hardly come into 
the sphere of liquid fuel work, the power required to compress 
up to an absolute pressure of 2, 4 or 0 atmospheres is as follows, 
compared with adiabatic compression in a singlt‘-st age machine — 


ProMnure in Attnosphoroa. I 

Ratio of I’owor, 

I’rtibahlo Ratio 

Alwoluto. 

t 1 

W2 ; W,. 

in pnulico. 

2 ! 

•9r>i 

•975 

4 

•9Ul 

•950 

0 

•S71 

•935 


Even in single-stage compression the actual power re(|uired 
in a cooled machine will probably be about midway between 
the figures fin' adiabatic and two-stage intercooled work. 
See column 3 above. 

As explained (‘Isewhcn', the economy of cooling is doubtful ; 
though if then* are suitable means of heating the air, it is ex- 
pensive to heat it by expending ])ower upon it. 

In the following table is given the horse-power necessary to 
compress one pound of air to 2, 4 and fi atmospheres pressure 
absolute from the ordinary temperature of (50"'F. ~ 15 S'^C. 
The figures are for adiabatic comj)res8ion of one pound per 
minute — 


^baoluto 

Iforso I*ower. 

f , J 

Actual of 

AttnospherwH. 

iliiviiig motor. 

2 

0-045 

0-800 

4 

1-4,33 

1-911 

6 

1-972 

2-029 


(Jaugo Prosauro. 

14-7 lb. 
441 „ 
73-5 „ 


The difference between adiabatic and isothermal compression 
is of no serious account up to 30 lb., or even to 46 lb. The 
volumetric efficiencies of good compressors at these low pres- 
sures may be safely taken at 90 per cent, of the piston displace- 
ment. The efficiency of the machine being, say, 75 per cent, 
overall from engine to comjJressor, the indicate horse-power 
actually required will be found by adding one-third to the 
figures in column 2, whence is found column 3. • 

Apparently, therefore, air for atomizing may be compressed 
yf one horse-power to the extent of about 60 pounds weight peui 
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hour. Now, one horse-power in a good steam engine will con- 
sume, say, 16 lb. of steam per hour, or, say, 20 lb. per electrical 
horse-power hour, so that under favourable circumstances 1 lb. 
of steam should compress 3 lb. of air ; and air should, appar- 
ently, be the better agent to employ, quite apart from the 
advantage at sea of not wasting fresh water. Further experi- 
ment is, however, required to afford reliable and fuller figures 
before a hard and fast ruling can be even attempted. The 
Author’s own opinion is in favour of air heated to a considerable 
temperature and more or less charged with moisture to assist 
in preventing fouling of the atomizers. 


Flow of Air, 

Mr. D. K. Clarke gives the velocity of air flowing from any 
pressure P into any other lower pressure of not more than j 
of P as 880 feet per second. 

Actual experiments upon orifices having a length greater than 
their diameter give about 750 feet per second. 

The following results were obtamed — 


60 lb. gauge pressure blowing through 'i'" 

V 

r 


30 

46 

16 

25 
7 

26 


r 


nozzle to atmosphere —776 ft. 

-725 „ 
-778 .. 
-725 „ 
=748 „ 
= 898 „ 
-675 „ 


The last two results were doubtful. ^ 

It will be safe to count upon a velocity of 750 feet in making 
calculations as to the weight of air which ^will pass an orifice. 
The above velocities are calculated, of course, on the air at the 
higher pressure. The weight of air is proportional to the ab- 
solute pressure, twice as much air escaping at 35 lb. gauge pres- 
sure as at 10 lb., that is to say at 50 lb., and 25 lb. absolute. 

On the relative economy of air or steam for atomizing, Pro- 
fessor Williston says unquestionably that air at 2 to 5 or even 10 
pounds per square inch is more economical than steam, so 
far as the spraying is concerned. At higher pressures there 
is a doubt as to economy, for the cost of compression increases 
rapidly with the pressure, and fJhe atomizing capacity of the 
air does not increase at the same rate. Thus in the U.S. Navy 
tests the most economical results were found with air pressures 
of only one or two pounds. All atomizers will not work at this 
« pressure. At these lew pressures, however, less than two jter 
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cent, of the steam generated would compress the air. At an 
air pressure of four or five pounds, four per cent, of the total 
steam ws^s required to compress the air. Obviously, where 
atomizers will act satisfactorily, it will bo advantageous to use 
much air at a low pressure in order that the combustion may be 
improved, for air must enter the furnace, and in air atomization 
there is not the risk of fire extinguishment that there is with 
steam. 



CHAPTER XVIII 


TIIE ATOMIZING OF LIQUID FUEL 


S INCE liquid fuel of the heavy varieties cannot be burned 
except by atomizing, the burner, injector, sprayer or 
atomizer, as it is variously termed, is an important detail. 

Its object is the pulverizing of the liquid, so that, mixed with 
air in the act of pulverization, and supplied with any further 
amount of air that may be necessary, the liquid atoms may 
bum like vapour. 

The spray must not be so directed than an intense blow-pipe 
flame impinges severely upon any small area of furnace plate. 
It is sought to fill the furnace with a full soft voluminous flame 
which shall envelop its whole interior. Given a sufliciently 
long space in front of the burner, a spray directed straight 
ahead and coning out would doubtless produce a satisfactory 
effect, but the space between the point of the burner and that 
part of the cone of flame which first touched the furnace plate 
would bo of little use as heating surface. What should be 
aimed at is such a burner and spray device as will produce a 
certain disrupture and outward expanding effect, so at once 
to spread the oil to a considerable extent normally to the axis 
of the burner as well as parallel ; to give a sort of balloon effect, 
so that, in a locomotive boiler for exainple, there shall be 
flame well to the back of the box as well as forward under the 
arch. Various forms of atomizers will be found illustrated in 
this or earlier chapters, including — 


The Holdoii (Figa. 23, 24 and 25). 
The BiUdwin (Fig. 34). 

The IJrqnhart (Fig. 42). 

The Hydrolourn Co. (Fig. 71). 
The Swensson (Fig. 73). 

The Guyot (Fig. 75). 

The Rusden and Eeles (Fig. OG). 


The Billow (Fig. 44). 

The Aerated Fuel Co. (Fig. 67). 
Kennode’a Burners (Figs. 68, 
69). 

Ordo's (Fig. 16). 

Kdrting’s (Figs. 21, 21a). 

The Hoveler (Pig. 66), p. 267. 


• The Holden Atomizer. 

The Holden Injector (Figs. 23, 24, 25) consists of a gun-metal 
« oasm|( with oil, air and steam inlets. Air comes in at the ba^, 
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preferably hot, and is delivered at the point where the oil 
escapes to the inner nozzle. Steam comCvS between the oil and 
air, and the mixed jet escapes forward and slightly laterally by 
two orifices. A further air supply is directed upon the spray by 
a ring of several fine jets of steam. The atomized fuel is direc- 
ted along the plane of the fire when the fire-bars are retained, 
as this gives the best action. Mr. Holden does not eontine 
himself to the use of steam as an atomizing agent, but recognizes 
that air may be preferable for chemical reasons. Two burners 
deal with about six pounds of oil each per mile, or, say, 240 
pounds her hour. 



Busden and Eeles. 

In this burner Fig. 66), steam escapes by a central annular 
iet and is directed outwards on a fine annular jet of oil, which 
is heated also by a steam jacket. This disposition gives a 
balloon flame. The burner is largely used m manne work. 

The JJrquharl. 

This (Pig. 42), one of the earliest successful atomizera, 
employs central steam, external air, and an annular oil jet 
between the two, the expansion of the steam atomizmg the oil 
'viifto the air and mixing the two. ♦ 
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The, Baldwin (Fig. 34). 

Tho burner is very simple, being simply a broad thin jet of 
steam which is directed upon oil escaping from a parallel 
passage. It could not well be simpler, but it is claimed to 
act well, and there appears no reason to doubt this. 

The Aerated Fuel Company* a Burner. 

This is of the central air jet type, as shown in Fig. 67. 



Fig. 67 . Atomizku. Akratkd Fuel System. 


The Kermode Burners. 

The latest typo of Kermode burner is the pressure-jet burner 
specially designed for naval and ot^ier vessels, and recommended 
for use with forced or induced draught. The burner is shown 
in longitudinal section and in plan respectively in Fig. 68. 
The oil enters through tho channel A, and passes between 
the o^ter wall D and the inner cylinder B, which abuts agaL^ji 
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the cap-nut E. The end of the cylinder B is an exact fit in D 
where it abuts against the nut E, and in this end of B a number 
of grooves are cut parallel to the centre line of the burner, 
while there are similar grooves in the end of the part B at right 
angles to the axis of the burner. These grooves are shown 
at H, and they are tangential to the cone end of the spindle 
C, which serves to contract, or enlarge, the opening through 
the cup-nut E. The movement of C is indicated on the gradu- 
ated wheel F. 

The oil fuel is pulverized by being forced tlirough a restricted 



opening with a rotfiry motion, which is given to it by the 
tangential grooves in the face of the plug B, and it is distributed 
in the form of a cone by means of the reaction or deflection 
which is set up by the oil impinging on the cone end of the 
spindle C, the pulverization being effected by means of the 
pressure which is brought to bear upon the oil fuel itself by 
means of a force-pump. The oil is heated and filtered. The 
fixed pointer marked G serves to indicate the degree to which 
the wheel F has been rotated, to increase or diminish the 
opening through the nut E. « 

Fig. 69 shows a section of the latest Kermode hot-air burner. 
In tlSs burner the oil is partially vaporized and sprayed by |iot 
air at a pressure of half to four pounds, the industrial furnace 
with the former pressure and t^e naval boiler calling ^ 
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for 3 to 4 lb. Oil enters at A, and is regulated by the 
wlieel E and the valve on spindle D. Hot air enters at B 
and C and the long helix K gives a rotary motion to the oil and 
air and insures that none of the oil vapour will pass through 
the tube untreated. The supply of air can be regulated at two 
points by means of hand wheels, pinions, and racks ; one pinion 
L moves the internal tube over the oil-delivering nozzle F, 
and regulates the air whicli enters there. The second pinion 
M operates the outer tube, and varies the amount of air 
escaping around the mixed jet at the end of the twisted spindle 
K, All the elements of the combustion arc under complete 
control. Tlie oil as it trickles from the nozi^le beyond the valve 
is swept forward by a sharp current of air which envelops the 
nozzle ; this current can be regulated with great exactitude. 
A furtlicr compressed air supply is given where combustion 



is about to commence, while a third supply is caused by the 
induction of the llame or by the draught; this lattl^r supply 
comes til rough the fire-bars, and in special cases through a 
hollow furnace front, passing between t4ie inner and outer 
plate, and escaping through a coned opening around the burner. 
No change in the arrangement of the furnace as designed for 
the use of coal is necessary, and to equip the furnace for burning 
liquid fuel it is only necessary to cover the fire-bars with broken 
fire-bricks to a depth of from 6 to 8 in., the greater depth 
being towards the bridge. The burners are arranged to hinge 
on the air and oil cocks which are attached to the boiler, and 
if it is necessary to examine the front of the burners they can be 
witlidrawn from the furnace, th^ act of withdrawing shutting 
off the supply of air and oil, and thus preventing accident. 

Fig. 70 shows the steam and induced air burner. The oil is 
pulverized by a jet of steam. Oil enters centrally through 
the branch B, and has a whirling motion imparted to it by^^e 
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Btem of the oil valve G. Steam enters around the hollow cone 
H, passing through slots in the cylindrical portion where this • 
fits into the hollow of the air cone, the whole oil supply is thus 
steam-jacteted. The air cone is F, and this is also fitted with 
spiral guides. The air is drawn in through these guides by the 
inductive action of the steam, its amount can be adjusted by 



opening or shutting the openings 1), by means of the movable 
perforated strap E. The front ])()rtion F is arrangc'd to screw 
in or out as a wliolc, being turned by the sj)ider M. In its 
motion it carries with it the air cone F, and thus leav(‘s a gr(‘ater 
or less space between this and the oil cone II, for the escape 
of steam. The range of adjustment is large, and tlic same 
burner may be used for different powers within wide limits. 

The Hy((rolaLTJi iHyslcm 


f 



Fig. 71 shows the nozzle of the Hydroleum Company’s burner. 
Oil is centrally regulated by ^ needle, and issues from a mouth- 
piece flared out externally in sucha way as to direct the atom- 
ized spray slightly outwards, the oil being in the middle. ,The 
oil mouthpiece is in advance of the steam, and an inductive 
ydton is produced which draws the oil forward when communi-^ 
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cation is opened with the reservoir. The Author has seen this 
burner acting well with tar as fuel. 

External hand wheels regulate the position of the oil and air 
cones, and vary the amount of air allowed to escape round the 

nozzle. 

An elementary form 
of atomizer consists 
simply of two lengths 
of gas pipe, one in- 
72. side the other for 

. the oil and steam. 

In lig. 72 this is shown developed somewhat, the steam pipe 
being swaged, to form a jet, and drilled to admit^the oil. 
The flamo of this burner is small, and produces intense local 
heat, and must in boiler work always be accompanied by 
plenty of suitable brickwork. This form is used in various 
forms in South Russia. 

Of self-atomizing oil-jets the Korting (Figs. 21 and 21a) has 




been considerably employed at sea, and is described under the 
head of the Korting System, p.. 153. 

pother self-spraying oil-jet is the Swensson (Fig. 73), in 
whiph the oil passes through a fine jet, and is divided into spray 
by piking a cutter placed a little in front of the orifice. These 
^self^prayers have a, certain advantage of simplicity. 




THE AfTOMIZING OF UQUID FUEL 257 

bulky air pump is required, to compress air, for atomizing the 
oil. There is no waste of fresh water as in steam atomizing. 
A small 0^1 pump will spray all the oil of a large steamship, as 
a simple calculation will show. With a horse-power of 6,000 
there may be used 5,000 pounds of oil per hour, or, say, 10 
gallons per minute, wliich would fill a three-inch pipe 400 
inches long. Thus a three-inch oil pump with a six-inch 
stroke, if run at sixty- 
seven strokes per 
minute, or, say, thirty- 
four revolutions, would 
feed oil for 5,000 horse- 
power, a#d two or three 
smaller pumps would in 
practice be employed in 
any ship. The oil 
pumps are thus very 
insigniheant in size, and 
this fact will popularize 
the self-spraying ato- 
mizers if they prove 
satisfactory under ordi- 
nary conditions. Of 
course, the oil will not 
spray unless heated 
sufficiently to be limpid 
and easily flowing. If 
too viscous it will spray 
in strings ,gand not burn 
as thoroughly as it 
shoulS. . 




Fig, 74. Symon-Housb Bvbnbb and 
Vapobizeb. 


The Symon-House 
Burner, 

This is one of the 
vaporizing burners 
which use the paraffin 
or kerosine grades of oil, a cellular reservoir above the flames 
serving as the vaporizer through which the oil travels in a long 
circuitous course, passing down the pipe to a tumed-up jet 
below, this being regulated by a needle, and surrounded by»a 
cone which conducts air to the flame. Preliminary heating 
by a^mp of petrol or alcohol is necessyy. This burner ia 
Ufl5a for small launch boilers, and is shown in Fig. 74. 
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It is claitned that in small work atomizing produces too 
* intense a heat, and that vaporized petroleum is better. Steam 
can be raised to 100 pounds pressure in twelve or fifteen min- 
utes, and by means of the igniter above the vaporizer the fire 
will relight after several minutes if put out by a sudden jar or a 
gust of wind. The igniter consists of a hollow disc full of 
broken fire-brick. 

In the French navy the Guyot burner has been much used. 
This is shown in Fig. 75, the oil entering centrally and being 
impinged upon by an annular jet of air or steam. The atomiz- 


C 

5 



Fig. 75. Guyot Atomizkr. 


ing nozzle should not project as in Fig. 76, but should be kept 
short, as in Fig. 77. 

The Atomizing Agent. 

Though in the early French trials of 1887 as much as L2 
pounds of steam was used per pound of oil, the quantity was 
gradually reduced until, in 1803, less than half a pound of 
steam was used in the Godard boiler, says M. Berlin, and in 
1895 M. Guyot got down to as low as 0 25, results which also 
have been obtained in the Italian Navy. Indeed, on a Schichau 
torpedo boat as low as 0 102 is claimed. 

Compressed air, said M. Berlin some years ago, has some 
theoretical advantages, because a given weight of steam will 
compress up to its own pressure a weight of air sui^erior to 
ittolf, and the pulverizing effect of a jet depends on the eSSfeegy 
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of the jet rather than upon its volume. Probably the resis- 
tance of the machine overbalances any theort'tical advantage, 
but at seal the loss of fresh water, where a steam atomizer is 
employed, must amount 
to about 5 per cent, of 
the total steam generated. 

M. Bert in. however, said 
that a good air compressor 
will not use half the steam 
necessary where this is 
used direct. When start- 
ing from the cold boil(‘r, 
the conij)res.sed air may 
be raised ])y a small 
compressor driven from a storage battery, by a small j)etro- 
leum engine, or by hand. Steam atomizing is c)])en to the 
objection that should priming occur the tires may be ex- 
tinguished, and wher(‘ the steam com(‘s ov(t wet, from a 
priming boiler, it is (piite common for burners to be ex 
tinguished, and the rcd-liot brickwork fails to ignite the oil, 
and it is necessary to do this by means of a Haming torch. 
Steam should therefore b(‘ superheated, both to render it dry 
and to improve' its geiK'ral action. 

M. d'AlIest fouml in VAudr that atomizing by steam used 
up 15 per cent, of the total steam ])roduce(l. A little later, 
at Cherbourg, the Torpedo-boat 22 used as litth' as I 2 k., 
and the Ba///c only (> 75 k., per kilo, of oil pulverized, until 

finally the rc'sults as 
detailed above were 
secured, though actual 
facts arc not easy to 
obtain, and t<‘sts requires 
to be undertaken with 
a special boiler to supply 
atomizing steam. Re- 
sults of 0-5 and 0 7 are 
frequently obtained, and 
have gone below 0 3. 
Such a figure as this is 
to be considered v erv good indeed. To save fresh water at sea 
is so much to be desired that Could compressed air Ix) substi- 
tuted for steam it should be. M. Bertin, formerly favourable 
to air as more economical, saw reasons to change his vie^fs. 
Air j^as necessary at much higher pressure than that required 
foj^lorced draught. It is affirmed that 14 k. of steam at 0 k. 



Fig. 77. 


Nozzlk of Cuyot Atomizer. 
Correct Form. 
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pressure must be expended to compress 1 kilo, of air to 1*6 k., 
and more air must be expended to pulverize each unit of oil 
as compared with steam. Thus Torpedo-boat 60 at Cherbourg 
expended 0-6 k. to 0*8 k. of air in place of 0 4 k. of steam. 

During a test at Indret not less than 0’5 k. of air was 
expended. In brief, with ordinary apparatus to obtain 2 k. of 
air, which is needed to do the work of 1 k. of steam used direct, 
one must use 3 k. of steam in the compression engine. 

The difficulty is that compression is slow in an ordinary 



machine, and steam cannot be used economically, for the air 
attains its highest pressure when the steam is ready to exhaust, 
and a heavy flywheel is necessary to help the expanded steam. 
M. Bertin is further impressed with the physical and chemical 
advantages of steam, which, he affirms, secures the Bagosine 
effect as utilized in the distillation of petroleum without crack- 
ing, owing to a certain solvent* action of steam on petroleum, 
as yet little understood. 

*’The particular form of the Guyot atomizer (Fig. 76) is that 
of Torpedo boat No. 22, the furnace of which is shown fg^Fig. 

• 78 , the boiler beiitg of return tube type. M. Bertin Ilpds 
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from Prench experience that though regulation of an oil 
atomizer is most delicately effected by means of the central * 
needle of the feed water injector, yet a valve is a less delicate . 
detail, and many atomizers have no central moving cone, 
but are regulated solely by valves. 

It is necessary when atomizing that the steam should flow 
at a certain speed. If too rapid, the flame is extinguished ; 
if too slow, there is incomplete pulveriziition, and the oil escapes 
in drops too large to burn well. 

Hence the steam orifice must be regulated to suit the boiler 
pressure. 

The opening for oil should not be 
less thai^ 1 mm. == inch. If too 
largo the oil flows in too great a 
quantity. It is essential that steam 
or air and oil shall be capable of 
regulation when at work, and thal 
the interior of the atomizer should 
be readily removed while at work, 
so that the orifices can be cleared 
quickly and the whole replaced im- 
mediately. 

After numerous experiments with 
atomizers producing both thin flat 
jets, and thin annular or cylindri(‘al 
jets, M. d’AUest devi.sed the atomizer 
of Fig, 79, for which an^ claimed the 
best results in regularity of efleet 

and steady working. It is very Atomizkb, 

simple in form, and can be rapidly 

disnfbunted for cleaning. It consists of an outer case con- 
taining an inner c(Jne and spindle ; a steam inlet at the 
side N admits steam to the easing. The whole is attached 
to a conical mouthpiece. Steam is regulated by a valve, 
and escapes round the two cones, while oil comes round the 
central spindle. 

Air is induced through the surrounding opening R, 

The cone can be screwed upon the nose of the case for par- 
tial adjustment of the steam, which is further regulated by a 
valve in the steam pipe. M. d’Allest places these vaporizers, 
if necessary, in couples in one*fumace, connecting them to the 
same oil pipe to the number of three, or even four. 

Each burner will dispose of from 10 to 80 kilos. 22 to 176 
pounds of oil per hour. Two burners, using each 80 kilos, of 
^ evaporate 13 kilos, of water per k^o. of oil, or say 2,080 ^ 
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litres per hour — 4,676 gallons. Allowing 30 litres per square 
metre of heating surface ; about 6 pounds per square foot ; 
these two burners should serve a boiler of 70 square metres of 

heating surface or 763 
square feet. 

In a torpedo boat, how- 
ever, the desired evapor- 
ation exceeds this amount 
per square metre. With 
this in view, M. d’Allest 
has designed a double 
atomizer, in which oil is 
admitted round , the cen- 
tral tube in an annular 
jet. Steam comes out- 
side this, and hot air is 
induced round the whole, 
the heating being effected 
by a tube in the chinmey. 
This apparatus (Fig. 80) 
will burn as much as 400 
kilos. — 880 pounds of oil 
per hour without a trace 
of smoke. 

It was tried in V Ande^ one of tlie ships of the Compagnic 
Frassinct. A weight of 120 kilos, of oil per hour 264 
pounds, produeed 170 horse-power, the evaporation being 14*1 
units of water per unit of oil, but the French Navy considered 
12 units as the maximum that should be calculated upon. 



Sf'fton 

Fig. 80. d’Allest Double Atomizer. 


Fvardofski System, ^ 

This system applied to locomotives consists in the placing of 
an atomizer in each wall of the furnace two and two exactly 
opposite, the jets meeting centrally and promoting mixture. 
The grate is covered with fire-bricks, between which air enters. 

Though a special pulverizer was used, it would appear that 
any atomizer could be arranged on this system. 

The Brandt burner consisted of a circular box, with a tapered 
slot all round it nearly closed by the edge of a disc. Steam 
escaped under the disc and oil above it. The burner was set 
itt the middle of the fire-box and gave a large hollow flame, but 
it had the disadvantage of being inaccessible when at work, 
^ aiiji the flame was eq^ily extinguished, as by the sfipping bi^he 
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wheels of a locomotive, the siuklen pull of the blast extin- 
guishing the flame and chilling tlie box. 

The Soliani burner (Fig. 81) i.s of simple form, resembling the 
scent spray. 

There are numerous other forms, some complex, others 
crude, but to enumerate all would occupy great space, and 
serve no good purpose. ThOvse illustrated 
will show the general trend of practic^e and 
what has been done, the chief point being 
apparently that the annular form of jet 
is preferable and conduces to best mix- 
tures. 

The ^ difliculty with burners which 
vaporize has been the deposit of carbon. 

This w'ill occur even with k(Toscne, tlie 
carbon being a pulverulent coke. The 
difficulty was got over l)v M. Ser})ollet by 
means of easily rej)laced l)urn(‘rs. Heavy oils can then bo 
burned. Too high a lu'at seems to be the cause of carbon 
deposit, the oil being “ cracked ” (‘xactly as in a highly heated 
still. At present not much is Ixung done ])y vaporizcTs, at 
least for large powers, the atomizer becoming more general. 

On the question of pre-h(‘ating, the French Naval tests are in 
accord with others as to the* advantage of this. 

Long recognized as an advantage to heat to 80°C. : - 17fl''F., 
it is to-day establisheil that Mazout may well be heated to 132° 
C. =2r)0(>"F. 

At this temperature the fuel gives off a certain amount of 
vapour,^ which raises the pressun* in the burner, helps the 
velocity of the jet, and ignite^s promptly at the nozzle, and 
asf^sts the combustion of the whole. Heating the oil raises 
the efficiency of flie combustion, cuts short the flame, and 
increases the effect of the lu'ating surfaces. 

It is not desirable to generate too much vapour at the orifice 
of the atomizers, or no air can gain iiccessto the jet, and com- 
bustion cannot occur. Air admixture is, of course, ncc(‘ssary, 
and when atomizing is done with compressed air this is a mere 
fraction of the total air required. The air itself is best heated, 
especially if this can be done by recuperation of otherwise 
wasted heat. 

The object of an atomizer ^ to fill the furnace with flame, and 
the furnace must avoid contact with the flame pending complete 
combustion. The accomplishment of these various enda has 
brought about the many forms of atomizers already described. 
yVif of them bear a strong family re|emblance. In Russm 



Fig. 81. Soliani 
Buunkr. 
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there appears a tendency to employ flat jets. Hence also the 
various forms of furnace with their refractory linings of fire- 
brick, as in Fig. 82 annexed, which represents a boile^ made at 
Cherbourg in 1893, and bears a general resemblance to the 
much older forms devised by Urquhart. In this boiler the 
atomizers are placed as shown in the side walls of the furnace. 
Railway practice in America tends to the use of flat jets. 
On the Southern Pacific Railway a simple atomizer, which 
allows the oil to fall from an orifice over the front of a flat 
steam jot, has this jet 3 finches wide. The petroleum escape; 
at an orifice half an inch high and of the length of three inches, 
the steam opening being about 0-8 mm. high, or tV inch. The 



Fig. S*J. Locomotive Tvpb Boiler Tested at Cherbouro with Liquid 
Fuel. * 


width of the jot of steam is 3.J inches, oxteAding J inch at each 
end below the flow of oil, so that no oil escapes unatomized. 
Flat pulverizers are stated by M. Bertin to be suitable for 
boilers of the Belleville or Niclausse type, in which the flames 
rise directly from the grate to the water- tubes. The broad 
flat flame probably bums over a wide area, and does not enter 
between the pipes so rapidly as if it were a less wide spreading 
jet. 

Should a pulverized jet encounter a cold boiler plate at a 
temperature of 400® to 500®C. 752® to 932®F., the oil will 

condense on the plate and not again ignite. 

Ip the boiler of Torpedo-boat No. 22 (Fig. 78) the furnace is 
fitted with an air advance chamber in which oil is atomized 
and meets air streanjs admitted radially. The fumac^jg 
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brick-lined, with a low striking bridge. In this boiler ll’O 
kilo, and 10*8 kilo, of water hav"o been evaporated per kilo, 
of oil with a draught of 20 to 30 mm. (1 inch mean) of 
water. At heavier draughts of 95 to 110 mm. water gauge 
(or a mean of four inches), only 9- 45 k. and 8*5 k. were 
evaporated. A similar boiler, with the air arriving parallel 
with the jet, however, evaporated 13*25 k. of water, wliich 
shows the difference due to arrangements. 

It may be stated finally, that, of all atomizers, the more 
successful arc those which atomize the oil right at tlie nozzle 
or point of exit. This class appears least liable to choke with 
dirt or to permit of the oil becoming carbonized within the 
body oi the atomizer. 

Where atomizers arc ajiplied through the furnace door they 
are arranged to swing back upon a trunnion liinge so designed 
as to shut off the fuel supply when the atomizer is swung back. 

The body part on which the atomiz(‘r branches are connected 
swivels in the two end pieces through packed glands and these 
end pieces receive the oil and steam or air pipes whicli supply 
the fuel and atomizing agent. 

The tendency at the present time seems to be somewhat in 
the direction of doing \\ithout both air and steam as atomizing 
agents and relying (‘iitirely on the pumpcal pressun^ of well 
sieved and heated oil to effect the necessary atomization. 

Mixed systems must long continue to be cmjiloycd, burning 
solid and licpiid fuel in the same furnace. 

Twenty years ago the calorific value of the world’s oil pro- 
duction was but one-twentieth of the heat value of coal. 
To-day y921) the ratio has risen to one-kmth, but it is still 
a far cry to the day when coal will be passed in the race, if 
indeed such a day^can ever arrive. 

The majority of fuel-burning plants must still bo either of 
fl(lid fuel or of mixed type, and the greaUT the number of 
all-liquid plants which come into use the less oil will there be 
for other consumers. 

The Gregory Burner. 

This burner (Fig. 82a) consists of a central oil passage 
placed within a steam cone, the oil being regulated by a central 
needle or spindle valve with hand wheel as shown, and the 
steam by the usual supply, valve. Air mixed with liighly 
heated furnace gas is drawn by the inductive action of the 
steam into a chamber surrounding the atomizing nozzle, ^nd 
serves to gasify the already heated oil and greatly to aid and 
render perfect its combustion. 
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Suitable clearing plugs are provided. By this burner it 
has been found possible to burn any inferior solid fuels by the 
use of small quantities of oil without smoke, and otherwise 
impracticable fuels may be employed with very considerable 
resulting economy. 

The heated gases, drawn from the furnace, thoroughly dry 
and superheat the steam, the temperature of the mixed vapours 
being moderated by admission of cold air by the inlet indi- 
cated in the figure. 

The l)urner sliown is of locomotive type, but the system is 
equally appli(5able to stationary boilers and may also be em- 
ployed in furnaces with oil fuel alone. 

One of its great advantages is the manner in which inferior 
fuels may be enabled, by the use of a small quantity of oil, 
to improve their combustion by the increment of furnace 
temperature that may be brought about by the oil. This 
is a valuable feature in view of the great amount of inferior 
coal now to be found on the market. This was recognized by 
M. Bertin of the French Navy many years ago, but the Gregory 
burner enables such necessary temperatures to be more readily 
attained. 

Great stress is laid on the gasification of the oil by the hot 
gas. Assuming 1 pound of gas drawn in at 200()°F. from the 
furnace and a specific heat of 0-25 ; which according to Ber- 
thelot’s researches should bo much under the truth for high- 
temperature gas ; there will be 500 B.Th.U. added to the oil. 

One pound of oil has a latent heat of vaporization probably 
not over half that of water, so that 1 pound of hot gas should 
fully vaporize 1 pound of oil, and such hot gas would only be 
a small fraction of the weight of the air necessary for com- 
bustion. ^ 

The claims for this burner’s good performance thus appear 
to have a properly sound thermal basis. Pi’obably some of 
the good performance may be the result of the gavsification 
of the hot oil in an atmosphere giving little or no support to 
combustion, so that the hydrogen is not abstracted too soon, 
leaving the nascent carbon to assume the difficult state of a 
gas carbon similar to the well-known retort carbon of the 
gasworks. 





CHAPTER XIX 


METALLURGY. THE HOVELER PROCESS 

I T is outside the intended scope of this book to deal ve^ 
seriously with the metallurgical applications of liquid 
fuel. The author dealt with this at some length in^ Liquid 
Fuel and Its Combustion. 

Since that book was written there has been perhaps fully 
as much progress in the metallurgical application as in power 
application. 

If in a furnace, ore or metal is acted upon too close to the 
point of initial combustion of the oil the flame will be power- 
fully oxydizing and t herefore inoperative for reducing work. 
As shown in the above book, the oil must be burned iri a separate 
chamber, in advance of the working funiace. 

This is accomplished in the “ Hdveler ” system by placing 
the oil atomizer, actuated by compressed air at 16 pounds 
pressure, behind a small conical retort lined with refractory 
material. Ignition occurs as the atomized jet enters this cone, 
the flame tapering outwards within the cone and coming out 
by a circular orifice. This apparatus can be carried about on a 
wheeled standard or slung in a chain and placed outcide any 
furnace it is desired to heat. The cylindrical bar of flame pa^sses 
through an opening of its own diameter—ia few inches — and 
will maintain the interior of a large rotary furnace, or of an air 
furnace at a high temperature. By suitable regulation the 
effect obtained can be oxydizing or reducing according to the 
amount of air admitted. By this system very high efficiency 
of the fuel is obtained, but as in all metallurgical processes 
which involves high temperature work the effluent gases must 
inevitably carry away heat proportionate to the temperature. 

The atomizer of the Hoveler system (Eig. 66) receives the oil 
via a in a central tube A, in which is a needle stem / that con- 
verts the orifice into an annulus 6. Compressed air comes via 
h outside the conical end of this oil tube? by the tube g and the 
atoifiized jet is discharged into a cone i, through which atmo- 
BDheric air is induced to flow via d. The treble mixture iscues 
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by a parallel opening d projecting through a larger opening c, 
which can be made to supply a further amount of compressed * 
air if needed via c. 

For a reducing flame the compressed air is supplied at only 
10 pounds pressure, and in reducing ores or oxides small coal 
may be mixed with the stuff to be rc'duced, its duty being to 
supply carbon the more energetically to absorb tlie oxygen 
of the heated material. The use of liquid fuel in metallurgical 
work possesses all the advantages of convenience, cleanliness, 
control and time saving which appertains to its use in steam 
raising, and in metallurgy there is also a marked economy 
in the percentage of reduction and improved product. Though 
much (iearer per ton than coal, liquid fuel gahis very consider- 



ably by reason ot the amount of it that is not used, for, where a 
heat must be maintamed to the last the coal fire is left large 
and active, but the oil flame is shut off at once. Oil gains by 
reason of superior efficiency in the application of the heat pro- 
duced. 


The Aerated Fuel Process, 

This process of the Gilbert and Barker Co. of New York 
is simply a system of atomizing by compressed air, and is used 
in all manner of industrial arts, the flame being used direct 
in metal work, glass making, japanning, etc. The apparatus 
includes an air compressor, oil pump and receiver, storage 
fAnk and the burners and necessary pipes, 
jj^^mpression is to 16 pounds per square inch, a pressure 
#bek)w which it is stated that the fuel i» not perfectly atomized^ 
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The oil pump is itself worked by the air, and serves to keep 
a full receiver of about 30 gallons capacity (25 imperial gallons). 
The receiver also contains compressed air whic)j forces 
the oil to the burner (Fig. 67), where it meets the air 
coining direct from the compressor. Valves regulate the 
proportions and the air pressure preserves even working con- 
ditions, whether two or twenty burners are at work. It is 
claiuK'd that the combustion is really gaseous, clean and smoke- 
less. The main supply is a buried tank outside the building 
and away from the burners. The oil pump is automatically 
regulated by a tioat, and all apparatus is below the burners, 
so that no gravity flow can take place. The use of gravity is 
hold by some to be bad practice, and this view will bear argu- 
ment in its favour. Low pressure air is condemned as leading 
to imperfect atomization and large globules which bum 
imperfectly and deposit carbon and injure the fire-brick. 
From GO to 120 gallons of oil are claimed to do the work of a 
ton of coal. 

The process is held to be much superior to any steam atomiz- 
ing process for metallurgical work. 

Low pressure air which throws oil upon the fire-brick uncon- 
sumed, causes tlu'so to shell off and break, and smoko is made 
also while carbon is deposited in the furnace. 

Applied to metallurgy, to forge furnaces, crucible heating, 
and other industrial work outside steam raising, the advantages 
of oil fuel are not merely absence of dirt and dust, but there is 
no loss of t ime through men waiting for fires to burn up. There 
are no times of good or of bad fires, no uneven heat, but a full 
flowing flame is maintaim'd with an even continuous d,vgree of 
heat. Then the economy of oil is largely secured by increased 
production and bettor work. Oil has the advantage over gas 
fuel also, which, though equally good in the furnace, cannot be 
produced without labour and dust and at a considerable 
outlay in plant and apparatus. 

The calorific capacity of various gases is as per following 
table — 


Hoat Units per 
thousand cubic feet. 


Natural gas 1,000,000 

Air gas (gas machine) 20-candlo power . . 815,500 

Public illuminating gas, average .... 650,000 

Water gas (from bituminous coal) . . . 377,000 
Water and producer gas (mixed) .... 175,000 

^ Producer gas 150,000 

Blast furnace gas . . 100,000 


Silloe a gallon of fuyl oil (7 pounds) contains 151,000 heat^ 
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unite, the following comparisons may be made. At three cents 
a gallon (about l-8d. per English gallon), the equivalent heat 
units in pil would be equal to — 


Dollnrs |>or 
thnijrtdtul riihic fo«t. 


Natural gas at *11)87 

Air gas 20-candlo power *1(120 

Public illuminating gas, average . . . . ,, *1201 

Water gas (from bituminous eoal) . . . „ *0741) 

Water and producer gas (inixi'd) . . . . „ ’0.‘U7 

Producer gas •(►2!)H 

Blast furnace gas •(»200 


At fefur cents a gallon (alxuit 2 id. ])cr English gallon) the 
equivalent heat units in oil would equal - 


Natural gas 

Air gas, 20-e audio power . 

Publit*. illuminating gas, Hverag(* . 
Water gas (from bituminouH roul) 
Water and producer gas (mixed) . 

ProdiKicr gas 

Blast furnace gas 


flolliirs pop 
t Ixui-iiiul ('Ill'll' feel, 

. at in; 11) 

. „ *2100 

. ' 01)08 

. „ -OKKl 

. „ *0307 

. *0205 


SO that when oil will pay to use it may !)o installed at f)no-tenth 
the cost of a gas plant and worked for a fraction of the cost in 
upkeep and wages. 

The Springfield System uses air as low^ as 1.S or 24 ounces 
pressure ; oil comes forward at forty j)ounds jircssurc. Tliis 
apparently contradicts the statcniciits above, that low pressure 
air is not satisfactory. Possibly an (‘xplanation is to be found 
in the oil pressure^ which, as in the Kdrting system, should 
itself do much towards atomizing the oil. Clearly the oil 
must possess energy of itself or borrow^cd from compressed air 
or steam. 


Colloidal Fuel (1921). 

During the past few^ years the colloidal state has been 
attracting considerable attetition, esjxjcially in the direction 
of medicine. 

The term colloidal properly applied appears to pertain to 
a qpndition or atomic state assumed by substances under 
^>ertain conditions, such for example the milky condition. 
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of calcium carbonate when thrown out of solution in water 
when the excess molecule of CO* is removed by oaustio 
lime. , 

So-called colloidal fuel is that modern form produced when 
finely divided carbonaceous matter is mixed with liquid 
hydrocarbons so as to produce by practically a colloidal mix- 
ture or one which will not separate out into a liquid and a 
solid deposit. The continuity of the suspension appears to 
be secured by the use of certain added products known as 
“ fixateurs.” 

Such a colloidal fuel may be used in an appropriate burner 
and sprayed exactly as fuel oil. 

It has been found practicable with suitable formsi^of soft 
coals to add as much as 1-2 pounds of coal to 1*25 pounds of 
oil, while at the same time the bulk is but little increased. 
In the ordinary way a gallon of oil weighing 9J pounds per 
gallon can be loaded up with coal until it weighs 12 pounds 
per gallon. Obviously the storage capacity of a given bunker 
space is very much increased, for example— 


n r r .1 n.Th.u. B.Th.u. 

9*6 Ib. of oil at 17,600 == 166,260 

2-6 lb. of coal ii,000 = 27-600 


Total in same volume = 193,760 


or, say, 17 per cent, additional calorific capacity per unit of 
bimker space. 

With special coal and the ratio 12—12-6 as above named 
the results are as follows : — 

1 OK IK r •, B.'KuV. B.Th.U. 

1-26 lb. of Oil at 17,500 = 21,876 

1-2 lb. of coal 10,000 = 12,000 


33,876 

or equivalent to an increased unit calorific carrying power of 
bunkers of 33J per cent. Thus much longer voyages can be 
made without rebunkering. 

The subject is too novel for fui^iher reference, but if present 
indications hold good in respect of permanency of condition, 
the subject of colloidal fuel must inevitably come into very 
prominent view. Much is being done by Mr, Lewis, of the 
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Fuels Laboratory, Dacre Street, Westminster, to whom I am 
indebted for the foregoing figures, in respect of the chemical, 
physical and mechanical examination of coals generally, and 
many curious and valuable facts are coming to light. 



CHAPTER XX 


THE OIL ENGINE 


O IL or liquid fuel engines may be divided into five classes : 

— (a) I'liose which use the lightest distillates of petro- 
leum. Tliey arc known as petrol engines and they are* strictly 
only a form of gas engine, for the liquid they use is only admit- 
ted to a vessel through which the engine draws its air supply. 
The air is thus carburetted or petrolized, no liquid molecules 
remaining, and ignition is electrical. It is not intended to treat 
further of this class. 

(b) Idle paraffine engine which employs the commoner grades 
of lamp oil. 

(c) Crude or heavy oil engines which are fed with heavy 
oils. 

{(1) The Diesel engine, in which the fuel is sprayed into pure 
air so highly compressed as to be at a red heat. 

(e) The Griffin engine, which rejects incombustible bases 
such as asphaltum. 

A brief description of the latter four types will be sufficient 
to show the application of liquid fuel to internal combustion 
engines. * 

Class h. The Hornsby engine (Fig. 83) may be taken to Klus- 
trato this class. On the back cover of the cylinder is fixed a 
bottle neck vaporizer, V, which is first heated by a lamp and is 
afterwards kept hot by the explosions within it when the engine 
has been set to work. 


The back of the cylinder beyond the piston stroke forms, 
with the vaporizer, the compression space. Air drawn into the 
cylinder on the outstroke of the piston is compressed into the 
vaporizer, into which oil is forced as spray by a small pump 
at the moment of highest compression. The oil is vaporized 
by the heat of the air, and the/nixture ignites and expands 
into the cylinder through the bottle neck. The oil pump works 
alw^ays at full capacity, but a by-pass allows part of it to 
escape back to the tank. This by-pass is controlled by the 
goyemor. About 0-65 pint of oil (of *826 sp. gr.) per 
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hour is consumed. The engine will use oil of 0 79 to 0 88 sp. 
gr., and even heavier or crude oil may be used. 

An engine of over 100 B.H.P. was run continuously night 
and day llor 500 hours -r 21 days. At the end of the time 
there was practically no deposit in the vaporizer and the engine 
would have run a much longer period without loss of power. 
The oil used was the thickest Texas liquid fuel, and at the end 
of the run the engine was working as well as at the beginning. 
The particulars of the nui are as below : — 


Rated 1J.H.P. I !!'! u n 

( 100 il.li.P. for rosidual oil. 

Total niiriibcT of hours running .'>02J 

Fuel iLsed . . . 7Vxas, costing 3d. per galhui in tank wagons. 

Sif'cific* gravity *1^33 

Flasli point {op(*ji t('st) 2t0°F. 

Total amount of fuel used .... 15 tons 5 ewt. 1 qr. 17 lb. 

Amount used jier liour C8-07 

Average brake horst'qxnvt'r 100*8 

Amount of fu(*l usixl per ll.H.P. hour .... -578 pints. 

Cost of fuel p(*r ll.H.P. hour •21075d. 

Or for 100 ll.K.P 1^. Ob/. piT hour. 

Or 4*0 H.H.P. for Id. per hour. 


The method of injection at the time of ignition probably 
ensures as full a combustion of all the oil as is practicable, none 
depositing before it lias had a chance to burn. This helps to 
prevent distillation to destruction or “cracking ” which hap- 
pens when oil is too highly heated. The lighter parts arc driven 
off as vapour and heavy residuals are left and may accumulate 
in the vaporizers as solid carbon. 

This need not occur with paraffine, which should never bo 
made so liot that it will not condense into the same li(|uid again. 
The tarbon difficulty has always at tended the use of crude and 
heavy oils, especially when these have an asphaltic base. The 
base remains uncon.sumcd, and when an engine stops and cools 
it becomes glued up by the asphalte. It is better not to use 
such oils in an engine. If such must be used it should, if 
possible, be the practice to run the engine for a time, before 
stopping, with paraffine in order to clear away any vamish- 
like deposit before allowing the engine to stop and cool. See 
class (e). But this is not necessary with ordinary crude oils, 
such as are used in class (c). This class (c) is merely an exten- 
sion of class (b) and includes tlve above Hornsby engine of which 
the vaporizer is shown in Fig. 83 ; the Ruston-Proctor engine, in 
which a small vaporizing chamber is attached at the back*of 
the cylinder and receives the spray of fuel forced in through a 
narro^ orifice by which the oil is alpmized. As far as 
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possible the oil in this class of engine should be vaporized as 
it enters and not allowed to fall liquid on too hot a surface, by 
which it may bo cracked or decomposed with formation of 
solid carbon. 

All kinds of crude oil and residual oils have been tried in the 



Ruston-Proctor engine, varying in sp. gr. from 0 86 to 0-96. 
A special Italian residual oil with 16 to 25 per cent, of tar 
was tried also, and in no case was there any gummy or sooty 
deposit. 

In this class of engine the oil sprays by its own heavy procure. 
4 consumptions are claimed as low as 0 46 lb. per b.h.p. 
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hour, but 0-5 lb. should usually be assumed. In the Ruston 
engine a smaU quantity of water is injected into the cylinder 
at^ each Auction stroke. In the Hornsby engine this water 
injection is not used. The use of water has its advocates and 
the reverse. In its favour are claimed that it is a safeguard 
against overheating at full loads, that it prevents knocking 
from over-hot valves or piston, and obviates risk of cylinder 
scoring and seizing of pistons. 

Class (d) ; The Diesel engine occupies this class by itself. 



It depends for its working upon the compression of a charge 
of pure air to so high a pressure — some 3§ atmospheres — 
that oil injected into this air will be ignited. Since the air 
charge has a pressure of about 500 pounds per sq. in., the air by 
which the fuel is sprayed into this charge is furnished by a pump 
at about 800 lb. pressure. TJie engine is best started by com- 
pressed air, a store of which is maintained. The storage vessels 
are sent out, ready charged, with the engine, and serve ,for 
starting from the tot, and the air pressure is carefully main- 
tain^ so to avoid the inconvenience of hand pumping a fresh 
« Aore. 
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The thermal efficiency of the Diesel engine is given by one 
maker as 40*7 per cent, on the indicated horse power, and 31 0 
per cent, on the brake horse power. The Author’s Own tests 
fully corroborate these figures. The best steam engines give 
similarly 22 0 per cent, and 20-5 per cent, with superheated 
steam at 300°C.“ 572°F. This of course does not include the 
boiler. Producer gas engines give 20 to 26 per cent. 

Many oil engines work on the Otto cycle, which is a four 
stroke cycle, but in many Diesel engines, especially for marine 
work, the engine drives an air scavenging pump and the exhaust 
takes place by a ring of ports uncovered by the piston and the 
waste gases are swept out by a scavenging of air, and the engine 
is then run on the two-stroke cycle. 

The use of liquid fuel in the Navy has naturally led up to 
the employment of the oil engine, and the Diesel engine, by 
reason of its economy, has become the accepted type. Its oil 
consumption at full load is about 0 44 lb. of oil per b.h.p. hour. 

Assuming the oU to have a thermal capacity of 19,320 B.Th.U. 
and the heat equivalent of one horse power to be 2,644 
B.Th.U., an engine using 1 pound of oil per h.p. hour would 
have an efficiency of 2,544 19,320 13 1 per cent. The 

efficiency with any other rate of fuel consumption would be 
this last number fuel consumption. Thus if the fuel con- 
sumption were 0-4 lb. per h.p. hour, the efficiency would be 
32 0 per cent, and this may be attained in the Diesel engine. 

The position already taken by the Diesel engine in marine 
work is already good, but as in all four-stroke single acting 
engines, the weight is great for the power developed, and the 
tendency is to convert it into a two-stroke engine aild also to 
make it double-acting. This of course demands an exhaust 
uncovered by the piston and a scavenghig charge of air to 
sweep out the exhaust gas, but these are details which may 
pertain to all engines and do not apply to the question of the 
fuel used by them, and need not here be further considered. 

Class (d), the Griffin engine, of which Fig. 85 shows a section 
of the vaporizer of a 9^" x lOJ" x 4 cyl. engine, occupies this 
class of heavy oil-using engines. 

It is based on the claim that no engine can satisfactorily 
use an oil with a heavy base, particularly an asphaltic base. 
In it, therefore, is embodied ^ exhaust heated external 
vaporizer. This is first heated by an air blown flame, and serves 
toyaporize the first charge, and it is maintained at about 450°F. 
=:232°C., by the subsequent exhaust gases. The oil is distilled 
bqt not cracked ; the heavier portions remain unaltered aftd are 
• run out of the vaponzer by a gravity pipe. The Author 
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Been such rejected portion placed on a cold iron plate, and it 
became a hard dry varnish at once, as it would have done 
inside tj;io cold engine if allowed to get in. 

The interior of the Griffin engine remains clear of all deposit 
of carbon or coke or asphalte. There is always found some 
very fine ash in petroleum, and this also is kept out of tho 
cylinder, where its presence would produce abrasion. The oil 
is heated in the supply fupe to the vaporizer, as is also the air 
for 8pra,ying it in. This facilitates the free tlow of tho oil, and 
assists in fine atomization. 

The vaporizer, Fig. 85, lias an outer jacket marked lOf dia. 
in this size, surrounding an iimer annular chambcT 11 " dia.. 
which |jn turn encircles a central vaporizing cliamber 5]'" din., 
into which the fuel is sprayed. Tho exhaust gas(‘s from lln^ 
cylinder traverse the annular chamber, 'riieir temperature is 
a maximum of 550°F. — 288''C., which becomes 450°F. = 232T. 
in the amiular chamber. Thus the fuel is vaporized, not gasi- 
fied, a physical and not a chemical change. 1 1 is in fact merely 
a fractional distillation which leaves the undesirable refuse to 
be run out of the still as tar or asjihaltc. The va])orizcr is only 
at atmospheric pressure ; it is never ex])osed to great tempera- 
ture. 

All tho air required in the cylindi'r does not pass tlirough the 
vaporizer. Enough passes that way to carry in the charge of 
oil vapour ; the remainder is admitted by a sc'parate air valve. 
Incidentally this engine is started by a momentum device, tho 
fly-wheel having a friction clutch gri}) on the shaft . A boy can 
gradually get up the fly-wheel of a, 40 h.p. (‘iigin(‘ to a suflici(‘nt 
speed it is then gripped to tin* shaft and tiiids the starting 
energy. 

Ignition is by a^efractory body in a small and isolat(‘d cavity 
communicating with the combustion chamber. A timing valve 
may be supplied if required. 

The oil and the compressed air by which it is sprayed into 
the heated vaporizer, are both heated so as to render spraying 
more perfect. The temperature of the vaporizer is less than 
that which would gasify the oil, and the tar is left behind in 
place of going forward to the cylinder and doing harm. 

The incombustible ash sticks to the side of the vaporizer and 
can be removed by a wire brush when the engine is stopped. 

The spray injector, which also serves as the heating blow- 
lamp, has an adjustable iimer nozzle through which comes air 
at 20 lb. pressure. Oil flows in through an annular chamber 
roi^nd this inner nozzle, and is pulverized by the air and 
p vaporized by the hot chamber. < 
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Both oil and air are supplied at 20 lb. pressure, the oil coming 
from a closed tank to which the air pressure pump has a con- 
nexion, and the supply of oil is regulated by a governor which 



oonirols the air at the atomizer. There is no change in the 
rich^ess of the mixture supplied but only in its volume,»the 
,air liki^d the oil being*, simultaneously varied. 
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The engine can bo started if desirable with light oils, as 
petrol and electrical ignition, the heavy oil being turned on 
when tha vaporizer has become hot. This avoids the use 
of the blow-lamp heater in the locality of inflammable 

^Xshould be added that for each 1,000 feet of elevat ion above 
sea level an engine ought to bo about 3 per cent, larger owmg to 
the rarefied air. For a number of engines it might be found 
cheaper to pump air to them at a pressure of one absolute 
atmosphere, so that with this compound systeiym increase of 
engine size need be made. This appUes to all ml or gas engines 
when worked at considerable heights above sea level. 

It is* external to the intention of this book to afforf 
more than an outline of the general systems of using liquid 
fuel in the internal combustion engine, its general mecli i- 

** FoSetailsof the legion of different engines ^beif valve sys- 
tems snravs vaporizers, the Author would refer his readers to 
Sie books of’Mr.^Dugald Clerk, the late Bryan Donkin and the 

more and more certain, so will its superior thermal 
K irinto wider use. There appears to bo no immed ato 
prospect of a direct oil fuel turbme engme, ami all «“«stmg 
Lgtoesareof the reciprocating type, which «‘‘‘'«^urbine makers 
have endeavoured with so much success to put out ot use lo 
steam using But the turbme runs too fast to suit the ProP®*! 

to him any preserve steam power against 

tory fumMcs wd P g- internal combustion 

3 i 

be noted that essentially the method of using oil 
inL Sternal combustion engine is by smaying or atomfen^ 
^1 teto toe air with which it is to bifc, or by spraymg it 
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into the cylinder as a vapour. Petrol vaporizes at ordinary 
atmospheric temperature. Heavy oils must have the high 
temperature vaporizer of the Griffin engine, or be directly 
ignited and burned in the highly heated chambers of other 
types of engine or burned in the “ red hot ” air of the Diesel 
high compression engine. 
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Table I. Composition of Crude Oils, 


2$1 


Name. 

0. 

H. 

0. 

Sp. G. 

Per dog. C. 

CoofT. of 
Expansion. 

B.Th.U. 

CqI. 

Capat'jiy, 

Heavy Virginia 

83-6 

13*3 

3*2 

*873 

•IH)072 

10.180 

„ Ohio . . 

84*2 

131 

2*7 

‘887 

•000748 

10.399 

„ Pa. . . . 

84*9 

13*7 

1*4 

•88G 

*000721 

10.672 

Gas coal oil 

E. Galician . . 

82 

82-2 

7*6 

12*1 

10*4 

r>*7 

1*044 

•870 

•00744? 

•000813 

8.910 

10.005 

W. Galician . . 

85*3 

12*6 

2*1 

•885 

•000775 

10.231 

Java .... 

87-1 

120 

0*9 

*923 

, *000701 

10,831 

Caucasian . . . 

85*3 

110 

51 

■9405 

' *000090 


Rangoon . . . 

83*8 

12*7 

3*5 

•876 

1 *000771 

— 


* Table II. Calorific Capacity of Liquid Fuel Oils. 


Locality. 

Fuel. 

Sp. 0. 
OT. 

C. 

H. 

0. 

Calf 

C’liju 

Actual 

('alrirics 

rifle 

city. 

(’ftlcula- 
U>d Cal. 

Russian . 

Pet. refuse . 

928 

87-10 

11-7 

1-2 



11,018 


Astatki . 

900 

84-94 i 

13-90 

1-2 

10.340 

11,626 

Caucasus . 

Heavy crude 

938 

86-00 I 

12-.30 

M 

11.800 

11,200 

American 

Solid residuum 

— 

97-855 

0-489 

■ 1-190 

8,057 

i — 

Scotch . 

B.F. Oil . . 

920 

83-04 

10-59 

1 9-468 

10,328 

— 


Table III. Coefficient of Expansion of Crude Oils. 



Sp. G.X 1,000. 

CfMiflUciont of 
Expanwion of Crud« 
Oilxl.OOO.tMlO 
Dr. Knglor. 

Pennsylvania 

810 

840 

Canada * 

828 

843 

Alsace 

829 

843 

Virginia . . . . # 

841 

839 

Alsace 

801 

868 

Wallachia 

802 

808 

E. Galicia 

870 

813 

Rangoon ! 

! 875 

774 

Caucasus 

882 

817 

W. Galicia 

885 

775 

Ohio 

887 

748 

Baku 

899 

784 

Hanover (Odesse) 

892 

772 

Pechelbronn 

892 

792 

Wallachia 

901 

748 

Hanover (Oberg) . . . . • . . 

944 

662 

Hanover (Wiesse) 

965 

1 647 


Heavy viscous oils 0 0007 to *00072 betw< 
i724*T'. containing paraffin and solid below ! 


20® and 78®C. to 
=0 0076 to ■00081. 
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TABLE V.-THE PROPERTIES OP 


• 


1 







~ 













Kequired to burn 
one unit. 

Nominal tern 














combu 

Name. 

Sym- 

bol. 

Don- 
1 «Hy 

Mole- 

cular 

Lb. 

pi-r 

Cubic 

ft. 

per 

lb. 

Grams 

per 

Litres 

per 

Weight. 

Volume. 

Air. 


H-1 

Weight 

feet. 

Litre. 

Gram. 

Air. 

Oxy- 

Air. 

|Oxy 

P*. 

C*. 












gen. 

gen. 


Air 

I 

1 

! ttl 


•08073 

12-385 

1-29318 

•773 




1- 



Carbon. C - 

I ) 












• 

AinorpliouH . 

— 

— 







( 

to CO 1 






2673-5 

1485 







{ 

to CO, ) 




i 

4988 

2753 

Vapour . . 

— 

12 

~ 

06606 

14 930 

1 0727 

•932 

- 

— 

9 54 

2 00 

g 

6955 

3840 

Carbon Dioxide 

COj 

22 

44 

12344 

8147 

■907 

•508 

- 

- 

-- 


— 


Carbonic OxlUo 

CO 

14 

28 

•07817 

12-80 

1-2515 

•800 

2-484 

-571 

; 

2-381 -500 

3494 

1923 

Hydrogen . . . 












( 

Wate: 

H, 

1 


•00559 

178-83 

•08901 

IMO 

34'785 

8 000 

2-39 

•500 

4813 

2674 

Oxygon . . , 

0, 

1(1 

32 

•08920 

11-203 

1*4298 

•099 







Nitrogen . . . 

N, 


28 

•07845 

12 703 1-25010 

•790 

— 

— 

— 

_ 

— 

— 

Steam .... 

U,(> 

U 

18 

05022 

19 912 

•8047 

1242 

- 

— 

— 

— 

_ 

— 

Acetylene . . 

0,11, 

1:1 

26 

•07207 

13456 

1190 

840 1 

13 378 3 077 

1 1 -93 

2-500 

0120 

3400 

Benzine. . . 

<Vi, 

aa 

78 

•208 

4-8083-333 

•303 

1 

13'378 3 077 

35 80 

7-500 

5022 

2790 

Ethylene . , . 

(',U4 

14 

28 

•07814 

12 797 1 •2519 

•799 

14 903 3 428 

14 30 

3-000 

5400 

3000 

Ethane .... 

(Mlg 

1.'. 

30 

08505 

11 9.50 1 3115 

•740 

10 4.84 3 733 

10 70 

3 500 

4354 

-2419 

Methane . . . 

CIU 

8 

18 

•04100 

22 391 

71.55 

1397 

1 7-302 

4-000 

9 54 

2-000 

4086 

2245 

Ethyl .... 

r,TIeO 

2a 

40 

12857 

7 775 

2 001 

•287 

9 074 

2 037 

14-30 

3-000 

4630 

2573 

Methyl .... 

CII 4 O 

10 

32 

•08920 

1 

11-203 1-4208 

•699 

0-521,1 500 

7-15 

*•500 

4185 

2325 

Cyanogen . . . 

C,N, 

20 

52 

•145.3 

0*88 

2 BBS 

•427 

1 

5 348 1 23 

1 

9-54 

2-000 

«0099 

3388 

Glycerine , . . 

CjHsOa 

- 

02 

— 

_ 


_ 

18-ll8’4-174 

10-70 

3-500 

4000 

2222 

Blast Furnace Gaa 








( -100 
\-72l 

•22 I 

•106 J 





fCO]„ N„ (CO,), 
H, . . . . 

— 

14 + 

— 

•079 

12-65 

1-2515 

•800 

•82 

•164 

2160 

1200 

ProducerGas [CO],8 
(8undry)i.j[CO,l,.g 


14 + 


•079 1 

12-65 

1-2515 

•800 

1 -99 

21 1 



(8440 

1910) 

ICH4I,. Ng, . . 

Watt'r Gas iCOl„. 





(-721 

•100 1 



I2I6O 

1200/ 




[CHglt, [Sundry]7-4 
(CO,)„ N,., . . 

— 

a + 

- 

•045 

22-5 

•726 

1-40 

3-878 

•788 



, 

4850 

2700 

Coal Oaa, H,[CH4l,7 











j 



[CO]j4 N4, (Sun* 














dry),, . . . 

Natural OastCH,),,, 


4-7 

— . 

•032 

31-6 

•516 

1-975 

13-89 

2-81 

616 

1-23 

4500 

2500 

N„ Sundry, . . 


8 


•045 

22-5 

1-726, 

1-40 

15-00 

306 


— 

4200 

2 m 


Notk.— flaaes expand by heat to thi extent of of their bulk at OT. for each degree Centigrade, or 
» u varle^ith the temp-raturo, being greater for higher temperrffcjres. At th« 

Ij^atdier th^ore glvea a fornuU/for gpoclflc heat Cp-.6-5 +aT, where T ia the abwdnte temmtaN 
Tnis «aa an Ifaportant bearing on the thelirv of the gaa engine, ^ 
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5ASES (Kempe's Year Book). 

leratunof Heat geuorated by combuHtion of o»e 


Cub. ft. Gram. 


Ho.it of 
foriiuitlon ut 
per 

Molecule. Molecule. 


C". IB.Th.U. B.Th.U. 


Cal. ('id. Cal. J. 1 . 1 UM. 


jPrt'ssure] Volume. 


7725 4292 4415-9 -- 2 4.vn 

S440 10226 14647 — 

:)752 14290 120461 1370-B 11-367.5 


erun of C.* 10232 1 
2892 7144 43S3 / 

^apo ur) ( .52290 


0340 11300 

0830 9850 I 

6886 9381 
4848 8249 
4348 7971 

2583 6690 

• 

0216 5675 
8222 10215 
8076 4488 


— — 21400 

^ — 24444 


( 342*5 

( 2-430 

/293 

(347 

1 29 15 
't 34 50 

' 

Water 

Liipild 

1624 

12-142 

3764 

(10 0.52 1 
\ 9 960 ) 

1744 

1912 

1073 

12I'<2 ! 

12 HO 

13 343 

1639-1 

7 080 

, 856-5 

5-331 

1320-6 

5 048 

- 

4-3ft 

96- 7 ) 

97- 8 ) 

•700 

100 to 
200 

( -773 to 

1 1-370 

330 to 
700 

( 2 35 to 
\ 3-03 

685 

11-9 

1100 

13-58 


I 5'<-3 (TUB \ 
,6lHllitj. I 
1 70 4 solid j 


Solid -70 4-1 
l.iij -6<.M) ’ 
Gas 5S 3 j 
31.5 7 ; 


H 

3 ,14 ' ) 

' I ~3S 7(1“ 1 I 

1-42 1' l! 

«>( ^ ' 
94 G ' ^ I 

97 65* j i 

f » ' 1 i 

I 29-4* ) 


. , ! / — 1-H Hol 

i 7M4-I gas ( 


\ ^4111q. 

• - 1 1 t !?«« ) 
—14 6 
2.1 1 
1H9 

1 f 59 H aiuH I 
I I 69 9 ll«|. 1 
f 5*1 1 au« I 
U 61 7 liq. ) 

! f - -73-9 K-iH I 

, 1 ii(| ) 

if Irtl-Tllq I 
1 I 165 6 rtol. I 


( -9674 to 

I 1‘1-J I 


-245 i -173 

I 

.3-410 I -234146 


f -60 111 I I • 

1 r)0 aiiH ) ' 

( -60 liij. I > 

1 -46 K-is ) i 



“ From Graphite. • Fr .ru Amorphous Carbon. 

I their bulk at 32®F. for each degree F . 

btolute lero the value* of the molecular heat of all Rase* seem* to (sonvergAat 6 j K; 
l^thrrMto. and a M a oo-e®clent greater according to the complexity of the ftekculc. 

(I- Temperature Cent^rade.) a * 


3 From Diamond. 


* From Carbonic Oxide. 


for constant pressure values, 
Ic. For valucti of a tee table* 
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Table IV. Calorific Power of Cnide Oil, 


W. Virginia 
Oil Greek, Pa. . . 

Java .... 
Jlaku . . > . • 

£. Galicia . 

W. Galicia . 

Panna .... 
Schwab weilfr (Alwuco) 


Sp. Gr. 

Cal Capacity. 

•873 

loloo oals. 

•816 

9963 

•923 

10831 

•884 

11460 

•870 

10006 

•885 

10231 

•780 

10121 

•861 

10458 


Tablp: VI. Tnnperature, 


1 c». 


Red heat in daylight 

5/ / 

1070° 

Iron red in dark 

4o<r’ 

752° 

Bessemer furnace 

2205^ 

4000° 

Common fire 

595'" 

1100° 

Copper melts 

1232° 

2160° 

Lead „ 

310° 

600° 

Tin 

215° 

420° 

Grey cast-iron melts 

1100° 

2012° 

White „ „ 

1050° 

1922° 

Carbon vaporizes 

3000° 

6512“ 

Table VII. Specific Heats of Gases. 

• 


Const, V'ol. 

Const. Pressufo. 

Air 

•108 * 

•2375 

Oxygen 

•1548 

•217 

Nitrogen 

•173 

•244 

Hydrogen 

2-4140 

3-410 

Carbonic oxide, CO 

•173 

•246 

Carbon dioxide, COa 

•171 

•216 

Marsh gas, CH 4 | 

•408 

•593 

Olefiant gas, CaH 4 I 

•332 

•404 

Steam, HaO 

•370 

•479 

Blast furnace gas 

•163 

•228 

Steam boiler furnace gas. . . . 

•171 

•240 


Cast Iron -1298 

Wrought Iron -1138 

Steel. ./ 117 

Brick . / -241 
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T A u LK V J H . Kqu i vaJeni/t, 


1 Cal 






. B.Th.U. 

1 B.Th.U? . . . 






. 0-252 Cul. 

1°C 







1°F 






. rc. 

1“C 






. TR. 

1°R 







1 Ijilog 






. 2-204 

1 pound 






. 0-453 k. 

1 B.Th.U. . . . 






772 ft. j)oundrt (old). 

1 calorie 






778 ,. ,, (m-w) 






423-55 k.m. (old). 

»» 






420-84 „ (n<‘\v). 

772 ft. p. per ru. 






138!»-(l ft. [). per T C. 

778 „ • „ „ 






1400-4 

423-55 k.m, . . 






. 3003-51 ft. lb. 

420-84 k.m. 






3087-3 ft. lb. 

1 B.Th.U. . . . 






107-78 k.m. 

1 k.m 






7-231 ft. 11). 

I k. per linonr m. 






2 Ib. ]»(*r yard ni'arly 

1 B.Th.U. per foot^ 
g • - • • 






0 Ual. p«T m.* ,, 

32 2 ft. p(‘r 

g 






0-8117 m. i>er hee.-* 

1 B.Th.U. per ft.’ 






2-713 cal. p('r m.’ 

1 . „ lb. 






0-550 (-al. per kilo. 

1 kilo, per cm.’ . 






14-2 lb. per H(j. iru-h. 

1 lb. per sq. inch 






0 o7o3 kilo, ja-r eiti.’ 

1 metro-kilo. . 






7-231 ft. ])ounds. 

1 ft. pound 






. 0-138 metre-kilo. 


Table I^. Properties of Carbon Calorifically, 



Calonoa por 

British 

Theniiul l ints. 

'J’onipc'raturo 
oi C-i>rn- 
Ijujstion. 

Molc- 

culi- 

l.itm. 

Cram. 

Tor 

Culiic Ft. 

Por 

Pound 

In Air. 

Amoq^hous to CO . 

29-44 

, — 

2453 



1416 

1485 '2706°^ 

» » CO 2 . 

97-05 

— 

81375 

— 

14647,2753 4988'^ 

Vapour to CO . 

68-20 

6-096 

5-864 

685-25 

10231 

3540°0373° 

COj . . 

136-41 

12-193 

11-3675 

1370-50 

20461 

2846° 695.5° 

CO«2ilb. toCOz . 

08-20 

3-0|6 

5 684 

342-50 

10232il923’!3494^ 

CO«llb. toCOa ■ 

29-23 

3-048 

2 436 

342-50 

43841923 3494° 

Hydrogen to H^O gas 

58-30' 

2-612 

29-15 

29300 

52290 2613° 4^° 

„ H 2 O water 

69-00 

3-091 

34-60 

3^-00 

62100 2974^6385° 


The important hgurea for practice are in4>la.db type. 
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Table X. 


TENSION (f.) OF AQUEOUS VAPOUR IN MM. OF MERCURY PER DEGRB* 
CENTIGRADE (T.)® AND GRAMS (g.) PER CUBIC METRE OF SATURATED AIR, 


JO 

g- 

f. 

T* 

g- 

f. 

T<» 

g- • 

f. 

0 



4*5 

11 

100 

9-7 

22 

19-3 

19-6 

1 

— 

4-9 

12 

10-6 

10*4 

23 

20-4 

20-9 

2 

— 

5-2 

13 

11-3 

IM 

24 

21-6 

22-2 

3 

— 

5-6 

14 

120 

11-9 

25 

22-9 

23-5 

4 

— 

6-0 

15 

12*8 

12*7 

26 

24-2 

26*(J 

5 

6-8 

(>•5 

16 

130 

13-5 

27 

25-6 

26-6 

6 

7-3 

0-9 

17 

14*5 

14-4 

28 

270 

28-1 

7 

7-7 

7-4 

18 

151 

15-3 

29 

28-6 

29-8 

8 

81 

8-0 

19 

16-2 

16-3 

30 

29-2 

31-6 

9 

8-8 

8-5 

20 

17*2 

17-4 

— 

— 

— 

10 

9'4 

91 

21 

18-2 

18*5 

— 

— 

c — 


Table XI. 

RELATIVE VALUE OF COAL AND OIL, RELATIVE VALUE OF COAL AND OIL, ALL 

FUEL ACCOUNT ALONE CONSIDEKKI). ASCERTAINED ECONOMIES CONSIDERED. 


Oil per JUtrrel at 

Coal per Ton at 

Coal per Ton 

$0-20 

$0-74 

$0-65 

0*30 

M2 

0-98 

0-40 

1*49 

1-30 

0«50 

1-86 

1-63 

0*60 

2-24 

1*96 

0*70 

2-61 

2>28 

0-80 

2*98 

2-61 

0-90 

3-35 

2-93 

1*00 

3-73 

3-26 

MO 

4-10 

3*69 

1-20 

4*47 

3-91 

1*30 

4-85 

4-24 

1-40 

5-22 

4-56 

150 

5-59 

4-89 

1«60 

6-97 

6-22 , 

1-70 

6-34 

5-54 

1-80 

6-71 

6*87 

1-90 

7-08 

‘ 6-19 

2-00 

7-45 

6-62 


1 dollar— 48 pence, approximately. 


Table XII. Russian and Pennsylvanian Oils, 


Crude Petroleum. 

Penn- 

1 Russian. 

By Ivanian . 

Light. 

j Heavy. 

Refuse. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Carbon 

84'9 

86*3 

86*6 

87*1 

Hydrogen 

13-7 

13*6 

12*3 

11-7 

Oxygen 

f-4 

0*1 

M 

1-2 

j 

10000 

100*00 

100*00 1 

100 00 

Sp. Or. at 32®F. . / . . . 

0*886 

0-884 

0*938 

M-928 

B.Th.' Units 

19,210 

1 22,628 

19,440 

19,260, 

Evaporation at 8 atmospheres . 

16*2 

17*4 

16-4 

16-2 
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Table Xin. PctroUum Refu^ 

Specific Gravity and Weight per cubic joot^ at various temperatures. 
Water — 1 0000 specific gravity, at 17^“ Cent.— 63J° Fahr. 


Toiiiporature. | 

Specific 

(Iravity. 

Weight in lb. 

Centigrndo. j 

Reaumur. 

Fahnnihoit. 

]M'r cubic fool. 

0 

0*0 

320 

0-9110 

56-61 

1 

0-8 

i 33-8 

0-0103 

56-55 

» 

j 1-6 

i 350 

0-9097 

56-60 

) 

3 

2-4 

37-4 

0-000 1 

4 

3-2 

30 2 

0-9085 

66-42 

5 

4-0 

i 410 

0-0078 

j 50-36 

C 

4-8 

428 

0 0072 

7 

5 0 

410 

0-9000 

1 50-30 

H 

01 

40-4 

0 0000 

0 

7'2 

48-2 

0-0053 

56-20 

10 

8 

50-0 

0-0017 

1 56-14 

11 

S'S 

51*8 

(►•0011 

12 

0 0 

530 

0-0034 

56-11 

13 

10 1 

55-4 

(►•0028 

1 56-05 

14 

11-2 

57 2 

(►• 9(^22 

15 

12-0 

50 >0 

0-0010 

55-99 

10 

12-8 

00-8 

; 0-0000 

1 55-92 

17 

130 

020 

0-0003 

IS 

10 

114 

15-2 

04 1 

00-2 

0-8097 
i O -8001 

1 55-84 

20 

10 0 

08-0 

0-8984 

55-81 

21 . 

10-8 

00-8 

0-8978 

I 55-74 

22 

170 

710 

0-8972 

• 23 

18-4 

73-4 

0-8965 

56-68 

21 

l »'2 

75-2 

0-8959 

1 65-02 

25 

200 

770 

0-8953 

20 

20-8 

78-8 

(►•8947 

1 55-55 

27 

21 0 

80-0 

0-8940 

28 

22-4 

82’4 

0-8934 

66-48 

29 

23*2 

84-2 

0-8928 

1 65-43 

30 

24 0 

800 

0-8922 

31 

21-8 

87-8 

0-8915 

55-37 

32 

25-0 

89-6 ! 

0-8909 

1 55-30 

33 

26-4 

91-4 

0-8903 

34 

27 2 

93-2 

0-8896 

1 65-24 

35 

280 

960 

t 

0-8890 
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Table XIV. Conversion Table for Degrees Baumi, 


Dogrew 

Banm6. 

Dogroea 

Sp. Gr. 

Lb. in 1 gal. 1 
(Ainorican). j 

Degrees 

T?auni6. 

Degrees 
Sp, Gr. 

Lb. in 1 gal, 
(i?morican). 

10 

I'OOOO 

8-33 ' 

43 

•8092 

6-74 

11 

•9929 

8-27 

44 

•8045 

6-70 

12 

•9859 

8-21 

45 

•8000 

6^66 

13 

■ -9790 ! 

8-16 

46 

•7954 

6-63 

14 

'8722 

8^10 

47 

•7009 

6-59 • 

15 

•9055 

8-04 

48 

•7805 

6*66 

16 

•9589 

7-99 

49 

1 -7821 

6-52 

17 

•9523 

7-93 

50 

•7777 

6-48 

18 

•9459 

7-88 

51 

•77.34 

6-44 

19 

•9395 

7-83 

52 

•7092 

0*41 

20 

•9333 

7-78 

53 

, -7050 

fj-37 

21 

•9271 

7-72 

54 

1 -7008 

6-34 

22 

•9210 

7-67 

55 

•7567 

6-30 

23 

•9150 

7-02 

50 

•7526 

6-27 

24 

•9090 

7-57 

57 

•7486 

6-24 

25 

•9032 

7-53 

58 

•7446 

0-20 

26 

•8974 

7-48 

59 

•7407 

6-17 

27 

•8917 

7-43 

60 

•7308 

6-14 

28 

•8860 

7-38 

01 

•7329 

on 

29 

•8806 

7-34 

02 

•7290 

607 

30 

•8750 

7-29 

03 

•7253 

604 

31 

•8695 

7-24 

04 

•7210 

601 

32 

•8041 

7-20 

05 

•7179 

5-98 

33 

•8588 

715 

66 

•7142 

1 5-95 

34 

•8536 

711 

67 

•7100 

! 5-92 

35 

•8484 

707 

08 

•7070 

5*89 

36 

•8433 

703 

09 

•7035 

5-80 

37 

•8383 

6-98 1 

70 

•7000 

5-83 

38 

•8333 

6-94 

75 

•6829 

5-69 

39 

•8284 

6-90 

80 

•0066 

5-55 

40 

•8235 

6-80 

85 

•6511 

*6-42 

41 

•8187 

6-82 

90 

1 -0303 

5-30. 

42 

•8139 

6-78 

95 

.•6222 

5-18 


i'ho yp. Gr. X 10 —weight in pounrlB por imperial gallon. 


Table XV. Of the Heat of Con}imstion avd Air consumed by various 
Fuels. 


Fuel. 

Oxygen 
per pound 
of fuel. 

Air per pound of 
fuel. 

Total heat 
per lb. of 
fuel. 

Evapora- 
tion from 
and at 
212®F. 


lb. 

lb. , 

Cubic ft. 

R.Th U. 

lb. 

Hydrogen . 

8-0 

34-8 

467 

62,100 

62*4 

Car^jon to CO 3 . 

2-66 

11-6 

162 

14,647 

160 

Average Coal . 

2-45 

10-7 

140 

14,700 

16-22 

Coke 

2/9 

10-81 

142 

13,648 

1^2 

Petroleum . . 

r29, 

14-33 

188 

20,411 1 

2118 
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Tablk XVI. TheorHic<xl Flame Temperatures. 


lu Air. 


• . 

CVnticiado. 

Fahn'nhoit, 

C to CO 

. . , 1185^ 

2706"* 

C to CO 2 

. . i 2763 

4988 

CO to CO 2 

. . i 1923 

3404 

Hydrogen 

' 2613 

4664 

Mai-sh gas, CH< . 

; 2245 

4036 

Olefiai^ gas, ('2114 

Acotyleno, C 2 H 2 . 

3000 

6400 

3400 

6120 

Benzine, Cflllg 

Producer gas 

2700 

6022 

. . 1200 

2160 

Coal gas 

2700 

4860 

Petroleum 

. . 2400 

4320 

Naphtlialono 

. . 2730 

4014 

Wood 

. . 1 2280 

4104 

Lignite (dry) , ... 

. . ! 1200 

2160 

Coal (biluminous). 

1600 

2700 


Tahi.k XVII. Weight and Volume of (to^es. 



Woililit. 

V'oln 

IIK*. 


P<T culiic 

Por culnc 

Per kiloiiratn 

lN«r pound 


111 

foot in 

III cuJiic 

in oubio 


Kilo/.'nuiw. 

jtounfb. 

inotroH. 

foot. 

Air • . 

1-20318 

0 08073 

0-773 

12-.385 

Nitrogen .... 

1-26616 

0-07846 

0-706 

12-763 

Oxygen 

1-4298 

0-08026 

0-690 

11-203 

Hydrogen .... 

0-08061 

0-006,60 

11-160 

178-83 

Carbonic acid, COj . 

1-9666 

0-12344 

0-608 

8-147 

Carbonic oxid(*, (JO . 

1-2615 

0-07817 

0-800 

12-800 

Carbon vapour, C . . 

1-0727 

0-06606 

0-932 

14-930 

Aqueous vapour, HjO . 


0-05022 

1-242 

19*912 

Ethylene, 0^114 . . 

1-2519 

0-07814 

0-799 

12-797 

Methane, CH4 . . . i 

0-7165 

0-04466 

1-397 

22-391 

Acetylene, (J^Hj . 

MOOO 

0-07428 

0-840 

13-466 

Benzine, CflH<, . . . 

3-3333 

0-208 

0-303 

4-808 

Ethane, C^Hq . . . 

, 1-34J6 

0-08666 

0-746 

11-960 
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Table XXI. Ignition Point of Oases {Mayer and Munch), 


Marsh gas, ClI^ 
Ethane, C2H4 . 
Propane, CaHM. 
Acotyleno, C2hf2 
Propylene, C,iU 


667°C. 

616 

647 

680 « 
504 


Table XXn. 

Kilos per square metre x ‘2048 - jiounds per square foot. 

Pounds per square foot x 4*881-= kilos, jier square metre. 

Kilos, per square em. x 14*223 = pounds ]>cr square inch, 

Pounds per scpiare inch x *0703 = kilos. ])er square cm. 

Evaporat ion from 1()V. at 12 kilos, x 0*8222 - evaporation from and 
at 100%!. = 212”F. 

Evaporation from and at 100"C. = 212^E. x 1*216 =- evaporation from 
- ()1°F. at 12 kilos. 

Metros x 3*281 — feet. 

Square metres x 10*764 = square feet. 

Feet X 0*3048 — metres. 

Scjuaro feet x 0*9308 — square metros. 

Gallons X 4*646 litres. 

Litres x 0*21098 gallons. 

Cul)ic inches x 16*386 cubic cm. 

Cubic cm. X 0*061027 — cubic inches. 

Gallons (Imp.) x 1*2012 = American gallons. 

American gallons x 0*83226 ^ English Imp. gallons. 

Atnerican gallons x 3*784 = liti-es. 

Litres x 0*2642 - American gallons. 

Inches water gauge x 26*4 = millimetres water gauge. 

Imp. gallons x 0*1606 = cubic feet. 

Cubic feet x 6*288 — gallons. 

Kilos per metro x 2*016 = poimds per yard. 

Pounds per yard x 0*4962 = kilos, pej* metre. 

Calories per M.’ x 0*1121 = B.Th.r. per ft.» 

B.Th.U. per ft.’ x 8*92 = cal. per M.’ 

Calories per M.’ x 0*3686 = B.Th.F. per ft.* 

B.Th,U. per ft.* x 2*713 = cal. per Metre*. 
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Table XXIII. To determim Temperature by Fusion of Metals, 


Substance. 

Temp, 

Fahr. 

Substance. 

Temp. 

Fahr. 

Substance. 

Tomj>. 

Falir. 

Spermaceti . 

120 

Lead . 

619 

Silver, pure 

1,861 

Wax-white . 

154 

Zinc . 

754 

(loldcoin . 

2,128 

• Sulphur . 

Tin . 

239 

Antimony. 

815 

Iron, cast . 

2,074 

448 

Ahuniriium 

1,180 

j St(‘ei . . 

2,550 

Bismuth 
Copper . . 

* 

512 

2,003 

Brass . 

1,742 

j Wrought iron 

2,911 


Tablk XXIV. Volume and Weight of Dry Air at Different Temperatures 
under a Constant Atmospheric Pressure of 29 02 in. of Mercury, 
the Volume at 32 deg. Fahr. being I. 


Temperature. 

Volume. 

Woi^'ht of 
a Cuhic Foot 

Tompernlun*. 

Volume. 

Wei|iht of 
a ('ubic Foot 

Knlir<'nlieit. 


m lb. 

FulirmlwMl. 


m lb. 

0 

«935 

•0804 

212 

1-367 

•0591 

12 

•900 

•0842 

230 

1104 

•0576 

22 

•980 

•0821 

250 

1444 

•0669 

32 

1-000 

•0807 

275 

1-495 

•0540 

42 

1-020 

•0791 

300 

l-,546 

-0522 

52 

1041 

•0770 

325 

1-597 

•0606 

62 • 

1001 

•0701 

350 

1-648 

•0490 

72 

1082 

0717 

375 

1 -689 

•0477 

82 

1102 ^ 

•0733 

400 

1-750 

•0461 

92 

1122 • 

•0720 

450 

1 -852 

•0436 

102 

M43 

■0707 

500 

1-954 1 

•0113 

112 

M63 

•0694 

550 

2-056 

•0385 

122 

M84 

•0082 

600 

2150 

•0376 

132 

1-204 

•0671 

660 

2-260 

•0357 

142 

1-224 

•0660 

700 

2-362 

•0338 

162 

1-245 

-0649 

760 

2-465 

•0328 

162 

1-265 

•0638 ’ 

800 

2-566 

•0315 

172 

1-285 

•0628 

850 

2-668 

•0303 

182 

1-306 

•0618 

900 

2-770 

•0292 

192 

1-320 

•0609 

950 

2-871 

•0281 

202 

1-347 

•0600 » 

1000 

2-974 

•0268 
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Table XXV. Table showing Number of British Thermal Units con- 
tained in one pound of pure Water at varying temperatures and 
densities, and pounds per gallon. . 



Density 

Tem- 

or 

pera- 

Woiglit 

tiiro. 

of 

Deg. 

1 Cul>ic 

Fahr. 

1 

Foot. 

Pounds. 

2 

*32 

02'4IH 

35 

()212e 

t301 

02 -4 25 

40 

02 -425 

45 

()2-422 

50 

(32-400 

55 

(12 -304 

()0 

(12-372 

05 

02-344 

70 

(12-313 

75 

(12-275 

HO 

02-232 

H5 

02-182 

00 

(12-133 

95 

02-074 

100 

02-022 

105 

01-900 

110 

01-808 

115 

01-807 

120 

61-715 

125 

(11-054 

130 

01-503 


Nuinbor 

of 

Thormol 
Units 1 
in 1 

pound of 
Water. 

Poiiiuls 

W'oiglit 

per 

Gallon. 

3 

! 4 

32000 

10-0101 

35-000 

10-0102 

39-001 

100 11 2 

40-001 

10-0112 

45-002 

' 10-0103 

50-003 

1 10-0087 

55-000 

! 10-0003 

00-009 

; 10-0053 

05-014 

9-9982 

70-020 

; 9-9933 

75-027 

9-9871 

80-036 

1 9-980 

85-045 

9-972 

90-055 

9-904 

95-007 

9-955 

100-080 

9-947 

105-095 

9-937 

110-110 

, 9-922 

116-129 

9-913 

120-149 

9-897 

126-169 

9-887 

130-192 

9-873 


Tom- 

Density 

or 

pera- 

Weight 

turo. 

of 

Deg. 

Fahr. 

1 Cubic 

P’oot. 

1 

Pounds. 

2 

135 

61-472 

140 

01-381 

145 

01-291 

150 

01-201 

155 

61-096 

100 

00-991 

165 

60-843 

170 

1 60-783 

175 

60- 005 

180 

00-548 

185 

00-430 

190 ! 

00-314 

195 

60-198 

200 

60-081 

205 

59-93 

210 

59-82 

t212 

59-70 

230 

59-36 

250 

1 58-75 

1 270 

; 58-18 

290 

1 57-59 


Number 

of 

Thermal 
Units 
in 1 

pound of 
Water. 

3 

Founds 

Weight 

per 

GaUdh. 

4 

135-217 1 

9-869 

140-245 

9-844 

145-275 

9-829 

150-306 

9-815 

155-339 

9-799 

160-374 

9-781 

165-413 1 

9-757 

170-453 

9-748 

175-497 

9-728 

180-542 

9-711 

185-591 

9-691 

190-043 

9-072 

195-097 

9-654 

200-753 

9-636 

205-813 

9-611 

210-874 

9-594 

212-882 

9-665 

23M53 

9-620 

251-487 

1 9-422 

271-878 

1 - 

292-329 

1 — 


♦ - Frw/ing point of wator. 

t l°F. “ Tho loin])oratnro ut which water ia at its ^atoat density. 

+ 212°F. “ Boiling point of water. 

A British Thermal Unit (B.Tli.U.) — that quantity of lieat that is required to 
raise one pound of water through one degree Fahr. ut or neai 39 1°F. 


Table XXVI. Saturated Steam. 

Saturated Steam is dry steam at tiio maximum pressure and density, 
due to its temperature — not superheated. It is attained when fidl 
latent heat required for the steam has been taken up — this is ccdled 
“ Saturation I’oint.” K vapour not near the saturation jwint ^haves 
likaa gas under cha^||es of temperature and pressure ; if it is compress^ 
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or cooled it reaches a point where it begins to condense ; it then no 
longer obeys tlie same laws as a gas. 

Heat and Work required to gonenite I Ih. of Saturated Steain at 212*F. from 
Water at 32®F. 


Distribution of Hoat. 

Units of Hi'i 

Th% Sensible Heat— 


1. To raise the tein])(‘rntiiii* of the 


water from 32'" 212 ' .... 

lSO-9 

The Latent Heat — 


2. In the formation of steam 

S9t*0 

3. In expansion against the atmo- 


spheric jiressure 

71-7 

Total of Wobk 

1 1,1 KVG 


Mechtinienl 
Kipiu uliMii in 
foot pouiulH. 


140,740 

095,532 

55,783 

892,05:. 


Table XXVII. Fartom of PJvdporafion. 

Gauge f'lessuro ot Steam in pounds per St|iiiue liu li. 








'I’niiip of 




0 

20 

40 

60 

80 

100 ' 

Fro 1 1 

W.n. . 

120 1 If.O j 

ISO 

2(H) 

M87 

1*201 

1*211 

1*217 

'1*222 1*227 

32 

1*231 U230 

1*240 

1*213 

1179’ 

1*193 

:l*20;n *209 1*21 1 

1*219 

10 

1 222 1*227 

1*232 I 

1 234 

M()8’ 

M82 

'1*192 

iM98' 

1 203 il*20S ' 

50 

1*212 1*217 

1*221 

1-224 

1*158’ 

1-172 

|1*182 

1*18811*193 

M98 

00 

1 202 1*207 

1*211 

1*214 

M48| 

1*102 

1*172 

M7HIM83 

1*188 

70 

1*191 1*190 1*20(1 

1*203 

1137 

1*151 

11*101 !l*107 

1*172 

1*177 

80 ‘ 

MHl M80 

1*190 

I M93 

M27 

11*141 

1*151 

1*157 

1*1 02 

1*107 1 

90 i 

1*170 1*170 

1*180 

: MH3 

Ml?! 

1-131 :i*141 ! 

1*147 ‘ 

1*152 

!l*157i 

100 

MOO 1*105 

1*170 

M72 

MOO 

1*12(1 

,1*13(1, 

1*13(1 

1*141 jl-l 10 1 

no , 

M50 M55 

1*159 

1 M02 

1*090' 

1*110 

1*120 ;M2(; 

1*131 ,1*130: 

120 

MIO 1*115 

1*119 

1*151 

1*085 

1*099 ll *109! 

1*115 

1*120 

1 1 25 1 

130 1 

1*129 M34 

1*138 

M41 

1*075 

1*089 

j 1*099 

!M05 

MIO 

1*115| 

J40 1 

Im19 ,1*124 

!M28 

M3l 

1-0C5 

1*079 

1*089 

1*095 

1*10(1 

1*105 ! 

150 

jM09 M13 

iM17 

M20 

1-064 

1*008: 

1*078 

1*081 

1*089 

1*091 , 

10O 

1*098 1 103 

;M07 

1*110 

1*044 

1*058: 

1*008 

l*(Jtl 1*079 

>1*084 

170 

1*088 11*092 

11*090 

1*099 

1033 

1*047' 

1*057 1*003 1 *((08 1*073* 

180 ’ 

11*077 !l *082 11*080 

1*089 

1*023 1 1*037 

1*047 1*053 1*058; 1*003 

190 

! 1*000 1*071 

11*070 

1*078 

1*013.1*027 

1*037 1*043 '1*048 

1*053 i 

200 

1 050 1*001 l*0()5 

! 1 *008 

1*004 1-017 

1*02711*033 1*038 

1*043, 

210 

:i 010 1*051 

11*055 ; 1*057 

1*002 jl-000 




1 

212 


! 

1 

1 




Founula from which the/iborc figures arc calculated — 

II- TS TW. 

H 
'LS 

TS= Total amount of ht^at c'^ntaineii in one pound of steam at 
absolute steam pressure — eolumn 4, Table XXVI. 

TW — Total heat of water at feed water temperature — column 3, 
Table XXV. ^ 

H~fl!eat imparted to water (TW to convert into steam TS), 

LS-:* Latent heat of steam at atmospheric jjireifure 965'7, 

** F«= Factor of evaporation. » 
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Saving effected hy heating feed water. 

The saving in fuel effoeted by heating feed water can be calculated 
by formula as below — 

„ , . 100 (T-t) 

iXTceiiiago of saving — — 

in which T heat units in one pound of feed water above 0° after 
licating - column 3, Table XXV. 
t ==hoat units in one pound of feed water aliovo 0° before 
heating- -column 3, Table XXV. • 

H— heat units in one pound of sti'ain of boiler pressure above 
0" column 4, Table XXVI. 


Iaulk XXV 111. Ileal Balance or Dislrilnition of the Heating Value of 
the Co^nbustible. 


Total Heatino V'^alok of 1 ld. or ('oMuctiiTinLE H.Tir. U. 


1. Heat absorbed by the boiler - evaporation from and at 

212 degrees jier lb. of combustilde 005-7. 

2. Loss du(> to moisture in coal p<T e(‘nt. of moisture 

referred to oonibustiblo 100 x [(212 - 1) x 96G x 0-48 
(T-212)l. (t ti'rnpi'rature of air in the boiler 
room, T- tliat of the flue gases). # 

3. Loss due to moisture formed by the burning of hydrogen 

— jKT cent, of hydrog(‘n to combustible by 100 x9 
X [(212- 1 X 9()(> X 0-48) (T-212)]. 

*4. Loss due to heat carried away in the dry chiiniu'y gases 
weight of gas per lb. of eombustiblo xO-24 x (T — t). 
16. Loss diK' to incomplete comliustion of carbon 
CO .^pt^r cent, in eombustiblo 

"'coVTto'' 100 

6. Loss due to imeonsunK'd hydrogen and hydrocarbons, 
to lu'ating the moisture in tlie air, to radiation, and 
unaecounti'd for. 

(Some of these losses may lie sejiarate^y itemized 
if data are obtained from which they may be cal- 
culated. ) 

Totai^ 


B.Th.U. » 
por cent. 


10000 


• Tho wtM^lit of gas p«r lb. o£ carbon burned may bo calculated from the gas 
analysis as follows — 

Dry gas por lb. carbon 

3 (COa + CO) 

in uhich COa, O. and N are tho ]>orcontagcs by volume of the several gases. 
Tho weight of dry gas por lb. of combustible w found by multiplying the dry gas per 
lb. of carbon by tin* porci'iitago of carbon in tho combustible and dividing by 100. 

Profes-sor Jacobus rccouimonds the use o^ the following formula for findin g the 
weight of ttir per lb. of carbon — 

C 7 N . 

• ^ 3 (COa + CO) ~ ^ 

t COa Attd CO aro resj>ocyvcly tho percentage by volume of oorbonio acid and car- 
bonic oxide in the flue gases. The quantity 10 160 - number of heat units gUleratad 
by bi)itung to carbonic a^ oi^e lb. of carbon contained in carbonic oxide. 
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A 

Abergele accident, 184 
Acetylene, 28*J, 82 
Adiabat^ compresHion, 212 
Admiralty flash tests, 13u 
Ados, C02 recorder, 230 
Advantages of Liquiil Fiu*!. 53 
Aerated fuel system. 207 
Air, atomizing by, 133, 222 

— calculation of, 247 

— compression, 242 
~ efflux, 238, 248 

— for atomizing, 133. 214, 222. 

247 

— for combustion, 37, 40, 288, 2'.)0 

— for combustion, IbinkiiM'. 114 

— for combustion, Longridgc, 114 

— heater, 100 

— heater, Ellis & Eavi's, 223 

— heating, 100 

— lift pump, 33 

— low pressure, 212, 209 

— power to compress, 242 

— presto diagram, 242 

— properties o^ 82 

— regulator, 202 ^ 

— tuyere, 202 
Alcohol, 282 
AUest atomizer, 201 
Allotropio forms of carbon, 78, 115 
Alsace oil, 40, 281 

American gallon, 44 
American locomotive practice. 1 02, 
178 • 

— petroleum, 44 

— petroleum production, 26 

— stationary practice, 195 

Amorphous carbon, 78 • 

Analysis of Borneo oil, 208, 212 

— chimney gas, 233 

— coal, 112 

— fir^rick, 70, 71 

— fireclay, 70, 71 


Analysis of flame, 118 

— flu(* trascs. 233 

— oil, 48 

— potniliMim, 48 

— 'IV'xas oil, 48 
Anthracite, 139. 110, 111 
Anlichnt', 3D 
Api»aratns. Orsat's. 230 
Arch, lirehrick, 07 
Ar(‘a of eliimney, 23‘.) 

Arllx'rg tunnel, 171 
Arndt ('eonometi*!*. 23t) 

Astatki, 30, 0.5. 2 )8 
Atmosphere, 82 
Atomizers, vanous. 37. 250 
Atomizer Aerated Fuel (’o., 250 

— Baldwin, 179. 25D 

— Ben'zn<*f, 37 

~ Billow, 190, 207. 250 

— Circular. 30, 202 
~ d’Allest, 201 

— cl(Mn('ntarv> 250 

— flat j<'t ty]>c, 204 

— Fvardof.ski, 202 

— (Gregory. 205 

— Giiyot, 250 

^ H..iden, 157. 250 

— IloveliT, 207 

— hydroleu rn, 250 

— Kennodc’s, 250 

— Kiirting. 153, 250 

— nozzles, 259 

— Ordc, 144 

— power of, 259 

— projiortions, 201 

— Rusden-Eeles, 134, 260 

— Soliani, 263 

— Southern Pacific Railway, 264 

— Swensson, 250 

— types of, 250 

— TJrquhart, 193, 250 

— Wallsend. 148 

— Williams, 56 
Atomiz^,^2, 214 
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Atomizing, M. Bertin on, 153, 259 
•— agent, 214 
necessity of, 42 

— with air, 133, 214, 222, 247 

— with steam, 133, 214, 222 
Aude, r, 269 

B 

Baku {X)troleuin, 63 
Baldwin atomizer, 179 
-™ firebox, 180 

— oil fuel system, 179 
Ballast tanks, 129 
Barometer, 83 

Barrels of oil produced, 26 

— and gjillons, 40 
Beaumont oil, 39, 60 

— tests, 50 
Bereznef atomizer, 36 
Bertholot on carbon, 70 
Borthelot-Mahlor calorimeter, 91 
Borthelot on latent heat of carbon, 

79 

Bertin on air compressing, 246 

— on atomizing, 163 

— on liquid fuel, 37 

— on mixed system, 37, 172 

— on ratio of oil atul coal, 38 
Billow atomizer, 207 

— system, 196 

Bituminous fuel combustion, 40. 
116, 112 

Blast furnace gas, 283 

— oil, 41, 47 

Blast pipe, variable, Macallan’s, 
170. 240 

Blocks, fireclay, 41 
Boiler, Belleville, 110 

— choice of, 24, 25 

— wat(‘r, capacity of, 132 

— Cherbourg, 26*4, 176 

— Du Temple typo, 146 

— firofloat burner, 219 

— French torpedo boat, 38 

— Godard, 258 

— Guyot, 176 

— liydroleum special, 216 

— Lancashire, 146. 167, 168 

— Lancashire, Orde’s system, 145 

— locomotive, 164 

— marine, 133 

— marine type, 173 

— ^olignac, 26 

— underfired tubular, Ms 
^ — w^r oapAoity 2^ 


Boiler, wSter tube, 169, 206 

— without grate, 169, 206, 213 

— Weir, 40, 121 

Boiling point of petrolgum, 64 
Boring oil, 31 
Borneo oil, 212, 63, 208 
Brick, see Firebrick 
Brick arch, 67 

— linings, 67 
Bridge walls, 40 

British Thermal Unit, 294 
Bu/Jle, 259 * 

Bulkheads, 128 

Bunker jjipes of oil supj^ly system, 
137 

Bunker pump, Weir’s, 231 

— fuel oil, 231 
Burma oil, 281, 63 
Burner, Clarkson-Capel, 218 
Burners, see Atomizers, 250 

— Symon House, 257 
Burning of firebrick, 69 
Butane, 62 

C 

Calculation of temperatures, 100 
Californian petroleum, 44, 45 
Calorific formula, 90 
Calorific power of Borneo oil, 63 

— Burma oil, 63 

— carbon, 78 

— Caucasus oil, 63 , 

— gases, 283 

— hydrogen, 81 

— liquid fuel, 53, 99, 261, 284 

— Clavenad on, 107 

— Texas oih 63, 63 
Calorimetry, 91, 236 
Calorie, 90 

Calorimeter, Borthelot-Mahler,237 

Canada oil, 281 

Capacity of boilers, water, 132 

Cap damper, chimney, 240 

Carbolic acid, 47 

darbon, allotropic forms, 78, 116 

— amorphous, 78 

— as fuel, 78 

— atomic weight, 78 
-5- bisulphide, 79 

— calorific power of, 78 

— combustion of, 79 

— diamond, 78 

— dioxide, 79 

— gaseous, 79 
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Carbon, graphitic, 78 ^ 

— heat of combustion, 78, 285 

— heat of conversion, 78, 79 

— in nature, 78 

— “liquiil,” 45, 79 

— monoxide, 78 

— properties of, 78, 286 

— solid, 78 

— vapour, 79 
Caibonic acid, 78 

— oxide, 78 
Carborundiun, 67 

Cargo steamer, ordinary with oil 
fuel, 127 

Car liose, tank, 201 
Carriage of oil, 55, 228, 15!) 
CMing, 95 
Cast iron, 00 
Cement for oil pipes, 128 
Centigrade thermometer, 95 
Chamber, combustion, 73, 123 
Charcoal, see Amorphous cur bon 
Chemical properties of air, 82 

— carbon, 78 

— hydrogen, 81 

— nitrogen, 84 

— oil, 62 

— oxygon, 83 

— petroleum, 62 

— Texas oil, 45 
Chemistry, Thermo-, 00 
Cherboiug, test at, 175 

— boiler, 170, 204 
Chicago Exhibition, 21 
Chimney area, 239 

— dampar ca]), 210 

— draught, 237 

— gases, 297 

Circular atomizers, 202 
Classificationof fireclay goods, 70 
Clorkson-Capcl burner, 218 

— preliminary heater, 219 

— system, 218 

Clavenad on calorific capacity of 
fuel, 107 

Clay, Me* Fireclay • 

COa analysis, 233 

— in furnace gases, 233 

— recorder, Ados, 236 

— recorder, Arndt, 236 ^ 

— Simmance Abady, 236 
Coal, analysis of, 112 

— anthracite, 116, 139 

— oomjjpstion of, 108 

— long-flaming, 117 


Coal, short-flaming, 117 

— Welsh, 117 

— and oil fnrnooe, 134 

— and oil, comparative cost, 132, 

183, 286 

— production, 22 

— tar, 41 

Coeflieient of exiiansion, oil, 129, 
281 

— wattT, 85 

— gakes, 282 
(’ofTerdams, 128 

Chills, luxating, liO, 155 
Comlaistion, air for, 37, 288, 290 

— oxygon for, 288, 290 

— of nntliraeite, 110, 139 

— of bituminoii.s fuel, 40, 112, 110 

— ealrulation.s, 78, loO 

— smololos,-;, 108 

— of <‘ai’lM»n, 79 

— (»f hydrogen, 81 

— ehamlxT, refractory, 123 

— chamber, 73 

— imperf(‘et, 108 

— iK’ut of, 03, 109, 288 

— of lifjuid fuel, 03 

— of liy<lroearlH>n, 109 

— of \ ap(»ii/,(‘<l lupiids, 218, 257 

— prm<“i]»Ie8 of, 39 

— trmpeiatun^ of, 100 

— vobmie of gnH<‘S, 103 
Comparative costs, oil and coal, 

30, 59 

Compounds, hydrocarbon, 62, 112 
ComprcMsion. adiabatic, 242 

— of air, 242 

— compound, 242 

— diagram.s, 242 

— isothermal, 242 
Conversion, nietamorpbic, of car- 
bon, 78, 115 

Construction of furnace, 203 
Controlling valves, 100 
Corsicana petroleum, 51 
O^st, eoinparison of coal and oil, 
35, 183 

— of oil, 36 

“ Cracking,” 52 
Cranes, oil, 230 
Creosote, 41, 40 
Crosylic acid, 47 
Crude oil, 41, 44, 281, 284 * 

Curves of compression of air, 244 
Curves of performance, Grazi- 
TsariJzinJRailway, 194 
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D 

d’Allost’a atomizer, 261 
Damper, chimney cap, 240 
Danger of oil, 36 
Density of petroleum, 49, 65, 183 
Denton, Prof., on Texas oil, 69 

— evaporative duty, 59 

— cost of oil, 59 
Deterioration by storage, 65 
Diamond, 78 

Diesel engine, 270 
Dinas firebrick, 67 
Dissociation of steam, etc., 87, 97 

— gases, 97, 102 
Dioxide of carbon, 78 
Distillation, fractional, 48 
Distribution of liquid fuel, 228 
Dowlais firebrick, 67 
Draught, 237 

Draught gauge, 239 
Dudley’s formula for relative cost 
of oil and coal, 183 
Dutch Navy, 130 
Dulong’s formula, 91 

E 

Earnshaw on Texas oil, 51 
Econometer, Arndt, 236 
Economics of liquid fuel, 35 
Efficiency of evaporation, 58 

— Texas oil, 66 
Efflux of air, 238, 248 
Elementary atomizer, 256 
Ellis & Eave’s sur boater, 223 

— system, 222 
Endotherraism, 90, 92 

English locomotive practice,. 154 

— stationary practice, 208 
Ethane, 62, 82, 202, 282, 289 
Equivalent, Joule’s, 285 

— mechanical, of heat, 286 
Evaporation, factors of, 296 

— per unit of various fuels, 104 
Evaporative duty, 69, 104, 291 

— efficiency, 68 
Everhart on Texas oil, 48 
Exothermism, 38, 92 
Expansion of oil, 129, 281 

— water, 86 
Explosions, 220 

F 

Factors of evaporation,’* 295 
Fact^, load, 24 


Fahrenheit^ thermometer, 03 
Feed, oil, 161 

Firebox, American locomotive, 
163, 171 , 

— Baldwin, 180 

— Cherbourg boiler, 176, 264 

— Holden, 165 

— Lancashire, 167 

— locomotive, 168 

— Southern Pacific, 171 

— Urquhart, 188 
Firebricks, 67 

— aluminous, 76 
Firebrick, analysis, 70, 71 

— arch, 67 

— burning, 69 

— classification, 76 * 

— carborundum, 67 

— carboniferous, 96 

— Dinas, 67 

— Dowlais, 67 

— French, 67, 70 

— general particulars, 67 

— Glenboig, 67 

— manufacture, 67 

— Newcastle, 67 

— Pearson, 68 

— silica, 70 

— Stourbridge, 67 
Fireclay, analysis, 70, 71 

— blocks, 41 

— Dinas, 67 

— Dowlais, 67 

— Gartcosh, 73 

— Glenboig, 67 

— Kilmarnock, 71 * 

— Newcastle, 67 

— Stourbridge, 67 
Flame, 117 

— testing, 118 

— length, 38, 117 
Flannery-Boyd system of oil fuel, 

129, 136 

— oil storage, 127 

Flash point, 39, 65, 130 ■ 

F^ue gas analysis, 233 
Forbitif test of, 177 
Forced draught, 240 
Fractional distillation, 48 
FVench firebrick, 67 
French Navy tcfits, 176 
Fuel, evaporative, power of, 59, 
104, 291 

— gas, 283 r 

oil, 212 
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Fuel* oil banker, 142 

— oil distribution. 228 

— oil production, 2(1 

— pumping, 231 

— pump, Weir’s, 231 

— oil tanks, 22i) 

FurieuXf tests with, 175 
Furnace, Ellis & Eaves’, 222 

— brickwork walls, etc., 146 

— construction, 203 

— Lancosliire, 145, 105 

— lirobricks, 67 

— lining, 39, 111, 146 

— locomotive, 1 (i8 

— management, 1 87 

— mt^ine, 133, 173 

— oil and coal, 211 

— oil, 209 

— temperatures, 112, 81, 293 
— > water tube, 213 
Fvardofski atomizer, 202 

— system, 202 

(} 

Gallon, Americnn, 44, 183 

— English, 182 
Gallons, per barn -I, 183 
Galician oil, 53 
Canister, 07 
Gartcosh hreclay, 73 
Gas, analysis, 233 

— blast furnnc(\ 283 

— density, 285, 290 

— dissociation «»f. 97 

— oxpJlnsion of, 282 

— fuel, 283 

— hydrogen, 283 • 

— marsh, 283 

— sp. heat, 283. 284 
^ tar, 43, 47, 214 

Gases, calorific capacity of. 283 

— of combustion, volume of, 103 

— chimney, 297 
Gaseotis carbon, 79 

Gauge, drauglit, 239 * 

Gear, marine furnace, 133 
General arrangement, 137 

— Kdrting system, 152 

General considerations, 21 • 

Geology, 28 

German oil, 281 
Glass, violet, 121 
Glenl^g clay, 67 
Godard boiler test, 25$ 


Graphite, 78 

(Jrato, boilers with, 211 

— boilei-s without, 210, 215, 206 
Gravity, 99 

— specific, 286, 287 
Grazi-Tseritzin Kailw'ay, 184 

— curves of ]>crformanco, 194 

— fuel tank, 231 

— locomodve, 189 

— oil distribution, 228 

— tender, 190 

Great Eastt'rn Railway, 154 

— locomotives, 165 

— storage system, 22.) 

— tender, 1 65 
GrilVm Engine, 270 
CJuyot atomizer, 254 

— boiler, 176 

II 

Hanover oil, 50, 53 
Hard water, 88 
How den’s system, 133, 143 
Heat, 92 

— of combustion of carbon, 80, 99 

— of combuHtion of petroleum, 

etc., 108, 100 

— latent, of carbon, 90 

— of dis.socitttion, 79 

— latent, 96 

— mechanical equivalents of, 98 

— of metaplioric conversions, 78 

— quantity of, 92, 97 
-- specific, 94 

— thermometric, 92 

— units, 90 

Heater, Clarkson-Capel prelimin- 
ary, 218 

— Ellis & Eaves air. 223 
Heating air, 166, 223 

— coils, 223 

— oil, 263 

Holden atomizer, 167 

— system, 164 
Hornsby Engine, 282 
Hose, 201 

Hose, tank car, 201 
Hdvoler system, 267 
How'don’s system, 133, 143 
Hydrocarbon cornjHiunds, 62,112 

— combustion of, 109 • 

Hydroges, calorific power o^ 81 

— combustion of, 81 

— ga8,«81 
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^ Hydrogen properties of, 81 

— temperature of ignition, 82, 1 19 
Hydroleura special boiler, 216 

— atomizer, 250 

— system, 21 i 

Y 

Ignition temperature, 82, 119, 292 
Imperfect eomlnistion, 102 
Indret, tosts at, 170 
Injector, sec Atomizer 
Interchange of coal and oil, 134 
Iron, cast, 60 

Isothermal compression, 212 
J 

Japanese railways, 162 
Jeanne d’Arc, tlie, 174 
Joule, Dr., 98 

K 

Keller, tests by, 37 
Kelvin law, 20 
Kermode’s atomizer, 250 

— system, 208 
Khodoung, ss., 143 
Kilmarnock fireclay, 71 
Kiliw, oil fired, 74 
Kimoridgo clay, 28 
Kdrting atomizer, 153 

— system, 152 
Koiidako oil, 49 

L 

LaeisZy F. C., a.s., 143 
Lamp oil, 43. 218 
Lancashire boiler, 145, 167 
Latent heat, 06, 113 
Latitude and barometer, 83 
Length of flame, 38, 117 
Lighting up, 187 
Luna oil, 184 

Lining furnace, 39, 111, 146 
“Liquid” carbon, 46 

— combustion, 38 
Liquid fuel, 37 

— advantages of, 65 

— at sea, 127 

— Containing oxygen, 47 

— distribution, 2518 
^ economics of, 36 

— price of. 36. 69 ' 


Liquid fuel, production, 20 
properties of, 49, 65, 183 

— system, Wallsend Slipway 

Co., 143, 146 

— varieties of, 43 
Load factor, 24 

Locomotive, American, 162, 178 
- boiler, 164, 178 

— (Mierbourg, 204 

— firebox, 154, 163, 171 

— - Fvardofski, 202 

— Great Eastf'in Kailway, 154 

— practice, American, 102, 178 

— practice, English, 154 

— practice, Russian, 178 

— Southern Pacitic, 171 r 

— Vladi Kavkaz Railway, 153 

— Unjuhart, 181 

Low pressure air, 212, 209 
Loss by excess of air, 297 

M 

Mabery on Texas oil, 50 
Macallan variable blast pipe, 170 
240 

Management of furnac<\ 187, 204 
Manufacture of firebrick, 07 
Marine boiler, 173 

— typo boiler, 173 

— furnace gear, 133, 173 
Marsh gas, see Methane 
Materials, 66 

Mazout or Maziit, see Astatki 
Meclmnical stoking, 24 

— equivalent of heat, OS' 
Metallurgy’, njiplication of liquid 

fuel to, ?C7 

Metal and refining furnace, 266 
Metamorphic conversion of car- 
bon, 78, 115 
Methane, 22, 82 
Meyer system, 172 
Milan, test on, 177 
Mixed system of coal and oil 
* combustion, 35, 172 
Moat, round oil stores, 228 
Monoxide of carbon, 78 
MureXy 8.s., 127, 133 

N 

Nacogdoches oil, 48 
Naphthalene, 47 

National Fuel Oil Co.’s s^stenif 
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Navy, British, 21, 130 

— Dutch, 130 

— French, 175 

— German, 130 

— Italian, 258 

— IliLssian, 05 
Newcastle lircclny, 67 

— coal, 47, 112 

York, s.s , li(juid fuel for, 138 
Nitrogen, 84 

— in utmosphen*, 84 

— properties of, 84 
Nozzles of atomizers, 250 


Oil, Alsaec, 53, 40 

— American, 44. 40 

— Baku, 53. 284, 30 

— l^eaumont, 30 

— blast furnace, 47 

— boring, 31 

— Borneo, 03, 212. 208 

— Burma, 281, 03 

— California, 44. 54 

— Canada, 281, 40 

— Corsicana. 51 

— creosote, 40 

— crude. 183, 281. 281. 40 

— drilling, 32 

— fuel. 212. 281 
Galicia, 53, 40 

— Gold Coa.st, 40 

— Hanov(*r, 50, 53 

— K»udako. 40 

— lamp, 218, 43 

— Lima, 184 

— Nacogdoches, ^8, 51 

— Penn.sylvaniu, 40, 40, 53, 280 
-- reduced, 44 

— residuum, 30, 42, 287 

— Koumanian, 40, 40 

— UussiaTi, 40, 280 

— shale, 47 

— Sour Lake, 51 

— Texas, 45, 40 

— Wyoming, 80 

— Zanto, 49 

— and coal, comparative cosL 38, 

28d 

— and coal furnace, 136 

— burner, see Atomizers 

— ^orific power, 281, 284 

— carriage of, 35, 139, 228 

— cranes, 231 


Oil engines, 271 

— expansion, 120, 281 

— explosions, 229^ 

— distribution, 

feed, 101 ^ 

Od furnaces, 

— furnace, Baldwin, 178 

— engm(«, 271 

— Corni.sh. see Laneoshiro 
“• Holden, 105, 108 

— Laneashire, 108 

— loeomntive, 154 178 

— water tube boiler, 109 
Oil heating, 203 

— pressure, 209 

— lajies, 229 

— })ump. 231 

— pumj»iug system, 190, 32 

— ratio to coal, 54 

— regulation, 101,^170 

— regulator, 101, 170 

— safety moat, 228 

— service jmrups, 100, 231 

— steamers, ri'ei'ut, 120 

— storag(‘, 127, 228 

— stratification, 30 
-- tank steamer, 138 
Ord(‘ atomizer, 14 4 

— boiler, Lancashire, 146 

— on lifjuid fuel, 03 

— system, 140, 143 

— wnter-tubo boiler, 141 
Or'^at-Luiigo n])i)aratus, 230 
Oxygen, 83 

P 

Packman, s.s.. 133 
Pakin, test on, 177 
Paraffin, 221 

Paul, Dr., on liipiid fuel, 62 
Pearson firebricks, 68 
Pelouze and Cahours on hydrocar- 
bons, 64 

Pennsylvania oil, 40, 286 
Performance curves, Grazi-Tsarit- 
zin Railway, 194 
Petroleum 

— American, 44 

— analysis of, 48 

— Baku, 63, 284 

— Borneo, 212, 63 

— Burma, 281, 63 

— boifSng j>oint, 64 

— California, 44, 64 

— o^bd^tion of, 109, 218, 29! 
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Petroleum, Corsicana, 61 

— clrillinK, 32 

— fuel, 183 

— geology, 28 

— production of, 26 

— properties of, 49, 05, 183 

— pumping, 32 

— residuum, 30, 42, 287, 291 

— Russian, 46, 280 

— storage precautions, 228 

— Texas, 46, 49 
Phillips on Texas oil, 49 
Physical properties of oil, 49, 66, 

183 

Pipes, 88, 229 

— bunker, 128, 137 

— jointing, 128 

— jointing cement, 128 

— water, 88 

Pood, its equivalent, 230 
Power to compress air, 247 
Precautions in oil storage, 228 
Preliminary heating, 218 
Pressure systems, 190 
Price of oil, 35, 69 

— per barrel, 30, 54, 59 

— per gallon, 36, 44 
Principles of liquid fuel combus- 
tion, 38 

Production of coni, 22 
Propane, 62, 82 
Properties of air, 82 

— American oil, 44, 40 

— Borneo oil, 63, 208, 212 

— carbon, 78, 285 

— firebricks, 67 

— fireclay 67 

— gases, 283 

— hydrogen, 81 

— liquid fuel, 49, 65, 183 

— nitrogen, 84 

— oxygen, 83 

— potrcleum, 49 

— Russian oil, 46, 256 

— Texas oil, 45, 61 

— water, 84 

Proportions of atomizers, 261 
Propylene, 82 
Pulverizers, see Atomizers 
Pump, Weir’s bunker, 232 

— Weir’s oil, 232 

Pumfrfng systems, 196 
Pumps, oil, 231 « 

Pyrometers, 94 

f 


>5 

Quantity of heat, 92, 97 
R 

Ragosino effect of steam on oil, 260 
Ratio, oil to coal, 38 
Reaumur’s thermometer, 93 
Reduced oils, 44 

Refractory combustion chambei^ 
73 

— lining, 39, 73, 111, 146 
Regulating gear, 161, 179 
Regulation of oil, 161, 179 
Regulator, air, 202 

— oil, Baldwin 179 

~ oil, G.E. Rly., 161 f 
Relative cost, oil and coal, 132, 
183, 268, 286, 191 
Residuum, 36, 42, 197 
Ringelmann’s smoke chart, 123 
Riveting, 128 
Roumanian oil, 49 
Rules for liquid fuel ships, 127 
Rusden-Eeles atomizer, 134 
Russian locomotives, 191 

— Navy, 66 

— oil, 46 

Ruston Proctor Engine, 271 
S 

Safety moat round tanks, 228 
St. Clair Devillo, 102 
Salts, solubility of, 87 
Sen water, 88 

Serpollet on vaporizing, 263 
Service, oil pumps, 231, 1^6 
'Shale oil, 47 

— tar, 47 % 

Silica, 07-77 
Siloxicon 77 

Siminance Abady CO^ recorder, 
236 

Sithonia^ s.s., 143 
Small tube boiler, 141 
Smoke, 82, 109 

— fjhart, Ringelmann’s, 123 

— prevention, 109 
Soft water, 88 
Soliani atomizer, 263 
Solignao boiler, 25 
Solubility in water of salts, 87 
Soot, 82 

Sour Lake oil, 61 
Southern Pacific Railway, 3€^ 64, 
171, 264 
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Specific gravity, 46, 49, 66, 164 
Specific heat, 94 

— gases, 95 

— ice, 86 

— solids, 284 

— water, 86 
Sprayer, see Atomizer 
Springfield system, 209 
Sii^onary practice, America!), 

195 

— English, 208 
Steam, as fuel, 16 

— atomizing, 133 

— dissociation by heat, 87, 97 

— per pound of oil, 26H 

— 8hlf)s, F, C. iMctfiz, 143 
-- MureA 127, 133 

— Newyork, 139 

— Sithonia, 143 

— Syrian 143 

— Tanglier, 133 

— Trocas, 129, 134 

Steam, superheated, 294, 143 

Steamer, cargo with oil fuel, 127 

— recent oil, 138 

— tank with oil fuel, 129 
Steel, 60 

Steel tubes, 66 
Storage of oil, 228 

— safety moat, 228 

— system, tl.E, Hly., 229 

— tank, oil, 228 
Stourbridge clay, 67 

— firebricks, 67 
Subwaolden, boring, 29 

' Sulphur in oil, 3(5, 59 
Sumatra oil, 49 
Superheated steailf, 294 
Supply of wat(‘r, 84 

— tank, oil, 231 

— system, bunker pipes, 137, 141 
Surcouff test of, 177 
Swensson atomizer, 256 
Syrian, s.s., 143 

System, Aerated Fuel Co., 267 
— Baldwin Co., 178 
— Billow, 196 
— Clarkson-Capel, 218 

— distribution, 228 

— Ellis & Eaves, 222 • * 

— Flannery Boyd. 136 
— Fvardofski, 262 
— U\xyoi, 264 
Holden’s, 164 
► ^ HSveler, 267 


System Howden’s, 133 143 

— hydrolemn, 214 

— Kennodc’s, 208 

— Kdrting, 143, 162 

— Mt^yer, 172 

— mixed, 37, 172 

— National Fuel Co., 195 

— Orde’s, 140. 143 

— rumping, 231, 198 

— Rusden-keles, 134, 143 

— Sf)ringfield, 2(>9 

— Symon House. 257 

— Unjiihart, 184 

— Wallsend Slipway Co.’s, 143, 

146 

T 

Tanglier, s.fl., 133 
Tank, ear hose, 201 

— oil supply, 231 

— steamer, 138 

— storage, 228 

— underground, 230 
Tar, 41, 43. 47, 214. 237 

— proper! of, 237 

— w'ater gas, b^st of, 215 

— shale, 47 

Tem])eraturts 92, 284, 293 

— ealeulation of, 100 

— i\muv, 112, 259 

— furnace, 112 

— of combination, 101 

— of ignition, 82, 292 
Temler, fuel, 180 

^ (J.E. Rly., 165 

— Orazi'Tsaritsin Railway, 186, 

190 

Test of air atomizing, 220 

— Beaumont oil, 67 

— Borneo oil, 208, 211 

— Furieux, 175 

— marine boiler, 222-227 

— 'Pexas oil, 56, 48 

Tc’ats at Cherlx)urg, 176, 264 

— at Birkenlu'od, 212 

— at Indrot, 176 

— Godard Ixjiler, 258 

— Russian oil, 37 
Texas oil, 45, 61 

— analysis, 48, 51 

■ — calorific jKjwcr of, 63 • 

— caniage of, 35 

— chemistry of, 48 

— CQpts, 419 

• 
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Texas, density of, 49 

— efficiency of, 66 

— specific gravity of, 49 

— tests of, 56 
Thermal units, 90, 294 
Thormo-chernistry, 90 
TheriTiometor, 93 
Tliiole on Texas oil, 45, 51 
Torj)odo boat, 38 

— boiler, French, 260 
Trinidad, 28 
Trocafi, s.s., 129, 134 
Tubular l)oiler, underfired, 206 
Timnels, Railway, 171 
Tuyere, air, 202 

U 

U gauge, 239 

Underfired tubular boilt^r, 205 
Units of heat, 90, 97 

— thonnal, 97 

— weight, 86, 98 

— work, 98 
Urquhart atomizer, 193 

— locomotive, 191 

— system, 184 

— tender, 188 

Useful figures, 87, 89, 292 

V 

Vaporization, heat of, 100, 117 
Vaporized liquids, combustion of, 
218 

Vaporizer, 273, 275 
Vaporizing, 43, 216, 218, 276 

— carbon, 78, 79 

Variable blast pipe, Macallan’s, 
170, 240 

Varieties of liquid fuel, 43 
Velocity of effiux of air, 238, 248 

— draught, 237 

— water in ])ipo3, 88 
Ventilation, 128 
Verein-Deutsche ingenicur, 91 
Violet rays in flame, 120 
Volatile constituents of jwtro- 

leum, 36, 39, 42, 47 
Volume and weight of atino- 
, sphere gases, 293 

— gases, 289 

— petroleum, 183 

— of combustion gases, 289 


Wallsend Slipway Co., 143, 146 

— Atomizer, 148 ^ 

— furnace brickwork, 146 

— latest system, 149 
Warming oil fuel, 263 

War vessels. Sir F. Flannery on, 
130 

Water capacity of boilers, 

— compressibility, 85 

— data, 85 

— expansion by heat, 85 

— flow of, 88 

— gas tar, 215 

— gauge, 239 

— hardness, 88 * 

— in oil, 68 

— latent heat of, 84 

— pipes, 88 

— properties of, 84, 294 

— pure, 84, 294 

— solubility of salts in, 88 

— source of, 84 

— specific heat, 86 

— supply, 84 

— useful data, 89 

— weight, 87 

Water-tube boiler, Guyot, 176 

— Hydroloum, 215 

— Orde’s system for liipiid fuel, 

140 

— Wealden, 29 

— Weir’s, 40, 121 

— • without grate. 169, 206 
Weight of air, 82, 289 • 

— gases, 289 

— hydrogen, 81, 289 

— firebrick, * 

— oil, 58 

— oil per barrel, 68 

— oil per gallon, 58 

— oxygen, 84, 289 

— nitrogen 84, 289 

— water, 85, 294 
Wt^r’s boiler, 121, 40 

— oil pump, 231 
Welsh coal, 117 
Williams atomizer, 66 
Work luiits, 98 
Wyoming oil, 46 

Z 

Zante oil, 49 
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MARK. 



When soliciting quotations for Oil Well Plant 
send your enquiries to 

DUKE & OCKENDEN, 

LIMITED. 


COMPLETE DRILLING OUTFITS 
AND OIL WELL SUPPLIES OF 
BRITISH & AMERICAN DESIGN. 


Advice gratuitously tendered upon 
the most suitable plant to suit 
vcfried geological conditions. 


OVER 40 YEARS’ EXPERIENCE 

AS WELL ENGINEERS. 

% 

\ 

126, SOUTHWARK *87., LONDON, 8.E. 

$ 

mie$ : ^ DUQOUT, LONDON V Codeo : and LIEBER'8. 

1 



FOR 

NAVAL SNIPS OF EVERY TYPE. . 


For Merchant Steamers, for Land E|0iJ|§r8 
and for Industrial Process Furnaces, 


SUPPLIED TO THE BRITISH, DUTCH, ARGENTINE, 
AND CHINESE GOVERNMENTS. f 


British Battleships and Cruisers fitted with the Kermode System include the 
"Dreadnought,” " Bellerophon,” "Temeraire,” "Superb,” “Agamemnon,” 
"Lord Nelson,” "St. Vincent,” "Vanguard,” “ Collingwood,” "Neptune,*’ 
"Hercules,” “Colossus,” "Orion,” "Lion,” "Princess Royal,” "Indefatig- 
able,” "Invincible,” "Inflexible,” "Indomitable,” "Defence,” "Shannon,” 
"Minotaur,” "Achilles,” "Cochrane,” "Natal,” "Warrior,” &c. Ocean- 
going Destroyers fitted include the "Afridi,” "Amazon,” "Cossack,” 
"Crusader,” "Gurka,” "Maori,” "Mohawk,” "Nubian,” "Saracen,” 
"Tartar,” "Viking,” "Zulu,” "Swift,” &c. 


EFFICIENT. SMOKELESS. ECONOMICAL 

Handles Creosote, Blast Furnace Oil, Water Gas-Tar, Mond tas^Tai^ 
Pure and Crude Petroleum, Residuum, or o^ier Hydrocarbons. 
Air Jet, Steam Jet, Pressure Jet Systems, and all Appliances 
connected with the burning of Liquid Fuel. 

HIGHEST AWARD 

Naval, Shipping and Fisheries Exhibition, London, 1995. 

• V 

Address: 62 ,. DALE St, LIVERP^L 

- # London Address: 109. FENCHOfiCH 



Holdfen^s System of 
Liquid Fuel Burning, j 

With the Holden Burner most 
efficient combustion is obtained 
without smoke. 

Oil being fed to the Burners 
by gravity, no pumps, com- 
pressors, or high pressure tanks 
are required with the Holden 
System. 

Oil and Coal can be burned 
together or separately on any 
type qf Boiler, by the Holden 
System. 

T^AITE & CHARLTON, 

63, Queen Victoria Street, 
LONDON, E.C. 



OIL FUEL 


as supplied to the 


Brazilian 


United States 
and other Navies. 


OIL TANK POMPS 


OIL PIPE LINE PUMPS 

Triple & Compound. 

For all pressures up ist 1000 lbs. per sq. in. 


G. & J. WEIR, L™, Gla^bw. 











